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uL/Ll3 ^UjI 



^^1^. ojjLHI ijjjJH i_jilsjj| jjlj^-ntl J_u4>Ll! ^t^XI c-cJjJllSIj (^lill ^-JLftlU 4_aL»JI 4-L(jLt-uJ-ll ^^jlluJ 

0j>jlj_a (j^i^- ^H^ ^^-^ J^sL^JlLc O-^J ^W"^! J^ 5 *"^ l^^"^ 3 ^- < ; " ^ Lr"^ (l>kj-Ii 1^^ ojLS ^jjJ ^ya 3juJu_aJI 
^jjju J-t^all :^j-^-uJI aJl^jJI iLscC *_3J 2_ LcJu9 j(j^L_uVI <J^I £)-4 £)L$jVIj *JL»JLj tcJLJII 4jl_ui 6j£ Cr^-J 

4_aJl2jJLi i-LJjjJI L_)jL?tJJ| *_a (j dJJ 4_uL>ij| ojH-v. TL-ALlll j>Jj_kaJj rt j g t s>jij i^udl BjljVl fih^. ^J 

^JlSI (^^JUjlSI f-^lj-H *-a A-L^itJI AjJjJI jJ^Ijjj da>j ^l^-U c-xJjJllSIj ^loJI ^_JL*liJ 4_aL*J| 4-L(jLt-uJ-llj J-^JtJl 
ji^sl ^-UjJu ^olj^l! 4JLcL^3lLq m ka h Ajl^JJI ^_ ^jLscJJl 0JL& -tj^vlj! <J_$jlJ| cSj-^ ' ALalLc <Ll^jJl1 

•(J^ t^Lgeldl I JlJ 4_aj^IJi CjijL^JLi c_jL_uIL^31 4 j<?j^-i JjLuj 4j^_p^ CjLC jai^j^o 
j^C 4JJ1 ^j_a J^aG 4_ujjJuJi 4 AjiLsuJI ^JlA <^ijJ^ c^ 1 *-ju2l1 (JJ-&J tl-ALlIi j^JjlaJj pjo t^ajJ 4_AUt]| 3jl J 2 1J 

.CjIjL^JLI ^>JlA c— >1 < >n^-j| 4jt<ar ^cJu ^Jl Jl^-n tlVlj CjI d-uIajJlj 4-jLjlL_uVLjj 



w_Al_(JLl ^Ji^Iajj fn J q ' -V' t i^aljiJ! Sjlj ^ I 



uL/Ll3 £UjI 



.rt-UJI |ji_J c_jjJlHII Lg_<_ujJu ^pJI (Jj^wVI i-Lj^jj^iiel!) CjIjj^JUI 4 bl^a r-LjlawV Ij la-J 4_^3i_u L^=3lJL I 
*U-J (jP-!l * Urtlt jLjuVI ^j-ul—jS ^.Ij^l ojl ^J <j-ujl JlJI ^L-lt (M LajJ Jj^~"» muJIj ( J T jJLlilJI CjLiI^j 4_<_uIjJl£ 

CjIjj^lII ^ya dUij^ti. J J CjljLjlliwVI 2_ 4_djL5du_JLl CjLujlJI CjL_uL2JL J^jjSJlSI JuJustlii] t-LL>iJ < i La ♦ < ^> 1 1 j 

SjIj^j>* Cj1_j>*jJ Cj1_<_uLjj9 ^Lj-4-^ < 4_L4^_iJl l_Jjl_p* 2_ 1_ AljJ 4 rtj^jJI 4 j^ml^-ijt,! Cj1_<_uLlSJIj 

4_ £.1 Jl_c 4 *-LaJL ^JlJI ^j_ajJlj 3jl_j_<_a]| jLLaj tiaJLx-bj Cj I j Lj_<_aJ I 4_c.j^_<_uj ol)jVI (J^^-^J J^"^^ daJLt^j 

(Jj^iw j| CjL_uLl£]| 1 tiajj J^>»j 1 o^— > Jjj9jJI 4_Lajsta 2_ 3jLll<JI L^j Luu ^Jjl]\ Jijj9jJI 4_l$^3J jJulSI 4_L)L_ijuc 

Lfcj|jL_cl *u i_uJjJuJI 4 ajJL>J| 0Jl_& <jV IjJkjj L-u da_j_j>iJ ^_ !l 4_aLJ|j 3jjL_*Htl Cj\ lmIjuoJ] ^j_a dJLSi 
CjIjj^JlII 4_*_uIjJu ^j^jjJlIII IJl_u ^^p* 4_iI2jJI CjI jl^-JLJ <JjVI ^_<_oIjJl!I J-l^AJLj ^ <?**■" HI (^-^J JL-Tc<aJJ 

(Metrology) JI^LaVl o^LS aI^. i^JjjJ rli^j ^^ ^^jii^l fu-ujJIj 4 u,j u^fall o^j>" lP-* 4_*_<_uL_uVl 

c-t-tlL-uVlj J)>-LaJI 4_<_uljJ JjL-uJ 4-^lL>J| j>Ju4> ^j^Ij^iJ ^JlSI ^-lju\jJ^\ ^jX\ (jL^ ciUjiJ c ii>.jJLl ^Ju4> 2_ 
JjLujj .4_u^j>JI ^j-a (J J VI 3 Jl^jJI 4_ 4lLilaju ^uj ^Jl!I jLjuVI <j-"Lfj9 2_ 4_aJl5cIu_JLI iAllieJLl CjIjjVIj 
jLju jI (jojl—ui] I o ^ r I^j Lj jILcjj ^l J t, I J i_ujjj| CjIj 4_aJl2JI A | jL5eIL_ul (^^i^ C-xJjJuJIj cSj^uJI oJl^^jJI 0J-& 
4 flilicij plj_J j| ^)la I ijjlLl^ I ^u-J 1 o^-^ . jbu j| <j-"LjS (—JljS aIjl^L-uI (j^i^- V^J^-^^ I tiajj r^UJJ i i^^jJI 

.1^ <^^<?t 4_aJtL5tXI ^j^taJI j a I JiitIL_u VI 4jijLiJI c_JljJL!l (jjs 

J_SLlll Jio J^^l j Lj'j>n o"LjS cr_>I^^T ^ iilistil f-I^VI ^^ c^j^lll ^uj i_uliJI I Jt^jJI IL_j 

.(JL^jlh-uVI (j-wLjS cj! jjl>JL i^L^VLj LljjJI (j-^LjS c-JI^S j (--ljJj^JI < ^ JaS j 

^JLc cSj^jlIJI x_a Cj Vj.t-Lu-^-U Cjlj>*IjijVIj CjLjjLfljJI aj_^JL TJ—^ U (JjL-£^3 4_jJuJI oJlj^jJI Lcl 

^j— ^ 4 Ah^-ti p|j_j^l ^ 1^ c_^j^_*lJI ciLlj ^a j c ^J L^LmJI (Jjl Jl^>JI ^j_a 1 ^ ^.aS r- 1 j^ljluuj I j 1^1 A i^lj^ 

.4jJl>J| ^jojLl^JI Cj|jjL5tA 

^^Ll^J iAllitXI J^iaJI ^^L: c^JtlJIj ge La mVI 4-jj_tiiiw ^j-uLjS 4juIjJI 3 Jia^jil 4_ dJJi Juu ^Uj 

JJ_AjJ (jl&J-C. ciJjjL^=3 t^-U f « J I ( ■ MH Mil OjlJ^ J^jL^JJ ^Jl^ILlU-U 4_lHjuI ^jajUjLSJLlj 7T V> < (i j I 4Uj-Lorw 
4j>*j_<a_Lu.l I OLjjLajJLJ ?r H t « J I 4jj_loTw 4_S^Lc J 4_j_<_uJlLjI CjL<3J_<_ujJI ^_ 4^cJlittILcaXI 7r H t « J I < # mH Mil 



uL/Ll. £UjI 



ij^ ~t^ 4 j<?j^— > ^ lr e___j__*__ll J}_jj_L_> o— -^ f— ^J-J'J U^~"* > uJI ^j-ul_jS 4_Lu.aL>J) o Jlj^jji Jj_J__3j 

(J__>J_JU I 3____3 i 4^4L__1___ J1J 0J1 JlL_U J 1J i_JJ 1 J_k2_<_u J 1 JlLc (J---3 '" t' (J__>1J_V. 4.J<a A) (jLj-jJ i-U_ujLuJl 0__JL___Jl 

.*_-l_>jjI ^j-uLl^j ^ j \ j t _a 1 1 6 \ ^*^> I (J-£- ^>~^-3"' O^*^^ '^J' 
SJ_0 CjIj 0__<_uLj__ ^jJ-C Jj-j-^j>JI J-^l (J-A Cjl_<_uLL^iJ 4^p*L_x__JJ fl U^Vi JljJu>o 4 j<a A>V Ij kiJJ 
4j9Jl!| J_La ^Lil-il ajfl^V i_dt-3_-U ( j___jL-___>JI er^*^ Cr#^ ' <--J-Ij-I 4L__oL__uJI 3 Jt_**jJI jlj^l fU J-2L3 4 ^f^ 
c-jLl(jl>. j 4_L4LkaJj| ^jojLl^Ji r » Ln>J ^j_a 4 Ah4-t| plj_J Ji c__UJi___=_ j < 4_JUjl!i 1 gjl -LulaJ j 4_j____jL__u_>_J|j 

.A_ulj.Ju.tJI £____3- jL) <»__Uj_*_liJ i_3_x_oVlj 4 L^J___JU 

l___-l_3J Jj1__uj 3jj__»Ji < l^ j ts*i\ J_^J_a 3jj_-l__* _?_ 4h mm a 4_aJl_Lc ( J _____jlLj 4ju_.luJ) 3jt_**j_n ^_jLjj 

^j_a Ojljl-oj (^"--j' 4-_lIuui Cj 1 rt < r> I jX I j Sjj__>Ji 3jiJi ^_k_j j L^j 1 j_ ; l^_4 j 3jj_>Ji < t^ w >n <LlluLlu Jl ^jJbL-II 

4 Hj mm! I 4^__X___3* VI C_A-1_____/ j| ^_&l JL_^L£=_ ^__=3L3__lJI L___j|j__>iJ <»__Uj_*__ll_J 3JL_^jJI 0jl_-fc ^ gJ H J .1_$JL>*1 

.3jj_>JI lL-i-u-o (JL?-jO _?_ 4^aJl5__1u_uJLi 
^j 4^jJUjljC l__j\__>iJ *_ luJ JJl_C ( jr J-C ^jj_>iJ (_P-tl iJLouJl Sjt_**jJI L^jJI jLi_tl f-LLuJ I 4jj____i]| CjI Ju>*j_I (j^J 

*_4 ^gj I jl-1 Lj J-Llifc-l I ^— C_Jj__5__lll 0_Jl_-> £.|j_^_J C_JjJl11i AJ-<2J <*_^-JJ>iJ 4Jj_____J| CjI Jt_**jJl L-jUlIjS (j_a__ij L^JU -3 J 

. c_Jjl_5t_.il ciiij ^Ij^V 4_aj}UI 4jj_____J| 4__-_UJ| 4J ^^^ ^pj) 4jj____jJ| CjI JljwjJI 




AjJijji 



^Uj^Jl 4 ^UU 



■cvifri n lhii)-iillqcvinll pilnill nnlnll niiiiiii] nll 




uLuLi 



jLuVl (j^Lj^ 







:i£j^u3 (j^i^- ^J^LM ^-^^ UJ^^J S'-^J-M 0Jl& Jo^-nl LcJiI^. 
l^j La I Jl5cIL_u I j 4jl^j>JU ^j-uLl^JI c—Ji^jS (Jljlal uLlu> • 

X100 4-LlujU 3j|jL>Jl 0jL& (jL2jJ (Jl C-JjJuJtl (J-<-^ o' 

cjLcL_u 6 
SjlJL^IuLdkta 







jLuVl^LtflluAi 1-1 

^jLlujVI ol^LjIo*! a ht a ^j 2 ij^-taj JLju Ji ^j-uLl^j ^jL_ujV| aL^IL&I I Ju 4_uL_uJ VI SjLJaj>iJI ^.Ju JlLo 
i 4 ;j^M jLju^I JJlj>o <jf 4-cj>iJ Luj-3 4-jII^3lU Jijj ^Ij^iJ L1?l2^I lil ^LlU-^ .LajLjuV pSki JuJu>o c-JLLal3 

4 »U> ^Ij^-uJ J-^j c--cj4>j lil dJLij ^3 .LLu_uLu ^jJI c j-uLm 4^ju j-5Lti! jju>o (jl ju^La c_»jj ^Ij^i Ljj>j! IjIj 

^j ^-» g j L$_a 4JLi2Ji 4_LLo2i ^j^ jlj ^-A 0J-& .L&Juul 4-^jlI Vjlqjuz ?:LL>iJ <jP-!I L$Io*L_u_4 ^c (JL<_uj 4j1_3 (^P^Ji 
. jbu>U <j-uLfj9 *:Ij^V r^J>o ^pJI iAllieJLl oLLlJ^ISI ^C 4jjaj_JI ^^P* ^r L£^ lij ^J^Ju <jf 

IJJ-&JWZ (JjjJI <j-a p-^-JLJl IjL-A *\j—uj (^r^- ^-SLiSJj <J.LI^Ll(jl<v.I! aLjJI ^Ll^jJI ^jL^ 4 (ja^lla j~*-ujJ oj^jjj 3Jl^>- 
jLi^. J^LtTu-a CjjJljw 2_ dUi c-cj-luj ijij^i! JJu>JLl (jujLltl £j£. L^yCi^\ CjJl^ lil_3 . 4^JJ J^"^ jIaji 4j9Ju 
2_ 3j^lj-ltl (Jj^iwVI Cj1_i£.jJJI J I 4j?tTu-t-uj 4_i£.jJJI oJufc ^-Ij-ti £>^ <J.LI^Tll(jlU c-3j i^mki ^LjJLjj a I Jl5cIL_uVI 

.aIjl^l_uVI j^la* 4-^ o"Lsjli 4-^j^u 4^jji ^Jj^jj ^ij ^ij^uVi 

j^UElljjd^ll 2-1 

CjI <? <^lj-^JL! d)L?tIuJLl 1 gjJjjLLa^a ^j_a Jl^sQIJ L^jL?lIcLc ^^- Q^~r^ ^Ij^-V 4j?tIuJLl CjL^sj^iJI ?:Llj>iJ 

^L^=3 ^j^> ^r <?)) CjI A qC J-^-tliJj . C-JjJLLaJLl £.1 J Jl (^gjILuxjC ^J^fciJ OL?tIJLo »jii^1 ^jL^-u2J dJjJ J 4-j j 1 H t, ) 4jr<?t) 

^_ ^^-luJ I iJLjJ Lo 4_l-l^L^ jf 4 <? <r^» 4_^_l3 JljJl>iJ (J^suq e-^jj-uj ^j-ul_jS 4— J Ujlj Jl-l^2jj . Bj^LjlIij qjj\ J^?)) ^j_A 

Jj-J-^mi ^jf JLJ>0 4 jLuVl (J-uLj^ LjJliwf |jL^ . 1 ^jtr (-SjLftlll ^J-uLlHI Cj| Jl^^J JjijLA 4J ^IJlC ^Sj 3jjo-o 

(meter) J.1JLI J_la Jlj_UVI ( ja/Lm] 4j miL21I 4_JLUJI cjIjlj^jJI juwV 4-i-cal!lj ( j-uLHI julJI i^jS juju>o Lla 

(Jj_La ^jjL^J q\—^=3 ^j-u1_l^J| j1_^j>iJ 3j^_tI/Luo L^ '"'J^ C-JjJLLaJLl ^JjJL-caX I 4 J j 1 3 <; J dJLSjij lj^_JoLuo ^jj_^3J ^jl 

^JlcL uxjC ^j-u1_jS 4-L_t_uj 4 La t ol^J ^Lj^ j^LlII J^-C ^j-uLl^JI Lol .4j>*jJlIi 6 v La t a 1 ,1 (j^ic jjj5tXl ?7jJuJlj 4JjJLuJL I 

^J^, JljlJI I Jl-A ^jojLjS ^u-J ^_j 4jjJLiJl1 ijjs 4_<_ul_jS jljJLl JlajJI jLt-LuTmjV ^J-S^J ^iiwIjJI ^j-uLl^JI jL>-j^ JlLc 

.c_JjliaJLl JuljU 4jJJulJ| 4 oj^tl JujL5eI(J ( Juu L^^ ^juluu \ o^-y i^JJ CjIj 4_aJlS jl 4j>^jJlc Ejhnifl 

Cj I Jl_<_4jl?cj0 j I CjIjJlj^cjO 4h miI^j 3j^1_jlXI 4_JUx. (^-^J • ^^^^ ^— ^ri^ Lr^- (Jj— ^^>^l (JJ-i -^L- *^^J J^-n m<1I 







4_l^L1jVI CjLJUjlJI j>Jjp LaJ (Jl c_ ^Jl^j (^P-Hj 4_JUjlJ| Cjj ~r \\\ L^llL>iJ ^p_ !l 4_JUjlXI c_Jj l_J5tlJ I J c_J^L_LiiJ 

L^t^ LiLKN (jr^l J-^L*il ^- 4-^J^I dsjj^tiJI L )ia_JU j^Ij_j 4-^L^ (Jt 4j9jJ| CjL^jJ ^^i^-l ^^i^- l>"^ lP^J 

: 4-LjSjiJl oL_ul_LdJI J_aLju3 IL. ( ^Jj La oLcljwC L-j->iJ dJJjJ c ^j-uLl^JI 4jt^r 

.a / 2 ± a 20 J-^l Jiwlj Bjlj^l i^jj ^j^au ^jf -1 
.%5 ± %50 4hmm!I ojLjJI u^^ u^ -2 

j^LEllulJl^j 3-1 

I|_ Mi-4-^ •!-#-> 4_<_uL2JLl jLjU j| 4_Jjl_Lc /<U-J 1 ^-ll^ ( J_oILo ^j-ul—jS CjljU^J 2 Ah^-ti jj_^2jtj| I|_ ^jL_ajVI j^=3l1jI 
^jl Ll^jjLJ (jL^ZDj i^Jlj-Ls j| ^j-ul—L^J CjIJU^^^S ^-^zaJLlI pljjJIj aJl^JI A|jL5tIL_ul ^JJ (jL^S ^U r OjJI JJ-(-^Jt]| 

<i.Lo-t-u CjIj ^jojl^-ljv ^j._JL>iJ2l ^JLjlJI Jl^kjI ^LjJu>iJI j <^»tl lL_j -J-^T JlJLj ^1 jJL> ^oj^jLjlII IjlA eJiJlio 
Cji Jl^jU ^_kaj 3 Jlc > M<r x_<_uLlJi ^jj^l 4^L^J ^-^ CjLtij dJJ Jl! . Lf-tLc Jl^^j^oj C-cju jLjjua ijLL^j QJ^~^^J 3>~ 







ojI (SI) c j^LmJI cjI jljwjJ ^jj a! ts^^ ojUi^.1 ^j ^jJI cj! jl^^I! l£hII *lkrfl L^jji^fj L^-a>! o^^ 3 

J ^aJ (J-uLj^ *^wj JjLJ> ^ r^l tort! IjLjfcj . ^V ilj_u 2_ J "** (jujLuii] ^JjJ j^Jj_A 2_ ^JL*JI JjJ J^-» 4-d^. 

(1-1) JjJl^- 2_ L^ ^j^ ^u (jP-!l 4-n-uL-uVI cjIjl^^JL! i^L^VLj j .(1-1) Jj^*- l^-^j^u ^pJI irjLp^aJI ^ 

oIjl^^U l£jZ\\ aU^UI 4- 4_u_uL_uVI CjIjl^jJI : (1-1) JjJ^ 



>jj< 


(J-uLl2j! 3jt^*J 


a <„lStJ a i^^—t| 


m 


>^ 


J^kJl 


kg 


f'j^y^ 3 


ah^-itl 


s 


i_ulj 


^jJI 


A 


JH*^ 


^j^zJIjLjUI 


K 


L^^ 3 


s jIj^I ^J J 


mol 


J>* 


3jUI 4 (<i^-> 


cd 


4JjJuS 


B^Ll^ 21 3jui 


rad 


O^J 


4j5e_La_<_uJL 1 ajjIjJI 


sr 


^JLJj^Iu_u 


4-0-L(jL>JL 1 4jj)jJ) 







4— lI^. *-JL ^jLjjlII jjlX\ (J I ^^J JlJlS . J_aL>iJ1 86- ^jJLuj^aJI J^-*^ Lr^'-^LH-^ J^-*-^^ ^.j-l^JI CjL^j_4 

1 fl+Ui?j ^pJI i^LcJll ^jj-^l-JjIlII lJi_jj^u JjJlju ^j 1982 aLc 2_ j .*y^l\ Ijla ^ 4^j^o 1650763.73 

1 





.*L_U 


299,792,458 J 




d j| Jt^U l£h-II aI^m!! 4- 4_SlAll CjIjl> 


-^ ( Y - 


■^)Jja* 


> J JI 


4 <2J Ml t, ) Bjt^JJl 




4_<_ul_lll 4 Kj^ntl 


m 2 


ZJJ^J^ 




£>.LiJH 


m 3 


c (t^-i a j^-a 




^j?tJ>iJI 


Hz 


>!>* 




ijJUJtll 


kg/m 3 


< / * ^—i a v*i a J ^—i I *. |^ ~w j 1 « ^— • 




iilV^-itl 


m/s 


4_uu J^zaJ jILa 




a <U4.tl 2rj , „tl 


m/s 2 


4ju^o 4_uu J^zaJ jILa 




2 <U^tl al^*tl 


rad 


l)Lo> 




AJ^IjJI 


rad/s 


i_ulj J^=l! (jLpj 




AJjIjJI ii^JI 


rad/s 


4jUjwC 4_oIj J^~~*» t (jLpJ 




aj^IjJI 5JL?cjl]| 


N 


lH3tH 




OjJLjl 


N/m 2 


££>*>** J^ 3 -' cHfcH 




(ht <>i]l 



au9j Jl *_a J-jOUtUJI Jl-lC 4-^LtlJLlj 4-Lml-Lu J I CjI Ju^jJI *_a aJl5c!u_uJ C-Jj uaU Cj^Lauua J^J^ dJJji^s 
^j-a 10 (^jl_<-uJ ^JlJI QJJ ^~*£\ J-^ 3 ^-JLuaJI aLj9jVI j! jILo 1000 ^jL-uJ ^jJI jILajJh^aJI JlLc Zjn^-iW 
.10 (jr-^J 15 (1^ L<a T'jLH^ ^jJI oJl^IulII (JjJwjI l^j^J^I O^^bua i_i2j ( > - ' ) Jj Jl>^ (J^J -J^^ 



4_u_uLlSJ| CjIjlvjJJ c_jj^aj| Cj^LqL»_<i : (' - ') (JjJlv 

_ o _ 







> J JI 


(J^L*JLI j«-<_ul 


C-JJ trt\\ J_4L*_4 


T 


UP 


^ v 


G 


L?c_i^ 


I. 1 


M 


L?C_LA 


W 1 


k 


jll^n 


\> r 


h 


^J ^-n < A 


10 2 


da 


l*nO 


> . 


d 


Cr^-i 


lO" 1 


c 




10~ 2 


m 


cA- 


10" 3 


H 


^^"■J* 


10" 6 


n 


^jlj 


lO" 9 


P 


3^h> 


lO" 12 


f 


i^K) 1^ 


lO 15 


a 


jjT 


lO" 18 



.aI jlSi aj^Lj ^jL-ula BjijLiJI Lsl i^>^ 12 ^gjL-uj ajlHIj ^c 25.4 

.(") 4_u^ 60 ^1 4 Jrj^O J ^3 rt uiSJtJJ O 4JLj9J 60 Jj 4-^jJlSI a mnnj 2j5\ jJI da-pta ^ !*>>■ 360 ^j-A 

t^lllL^ (LljjJL! (j-^LjS Bjljwj^ (jLjjJI a j^rl t uj (^jJI) ^j^IjlSI aU^UIj ^uliJI aUaIJI o^j ia^UJIj 

, 2k _ , o 

U - J 360 






di.^ m* 



jL/Ll3 







^UuVl^LSulJuw 4-1 

: f^Jt 4_<_uIjJl!Lj LJjLlJ ^Tt-Lt-U (^l}\ ^j-uLl^JI Cj| JUU3 

.4j>jJlX1 jiaLJll -1 
.i_ojjJI Cj\ i CjLoJl^JI -2 



(Rules) ^.jjdl >ULcJLl 1-4-1 

4_*_l1!I 3*IjJ9 L^ (<£-£$ • Jl^kVI (J^W^ ^aj-cuJ (j-"Lj^ cTjl^-^T ^^ ((1"1) J^-» ut) i^jJtil jlaL^Jtl 

ijr lo*j ^_a 100 (jjs i^jjiXI jJ^L_JLl (Jlji^l ^j[pjj l^jtr jj^jJLl tljjJuJI (j^ic- Cy* Bj^iLua L^_ul_jS c_jjJLtaJLl 
^j_a 1 (g*ji t^aj (^-£9 .^-4 500 i ^_a 300 c ^_a 100 jIjIsLj 5_jj V^s j^ Lm-a 77QJ VI (j^jj £- (J-q-*-lu±jj . a5 

( jr $_<_uJj 3j H t <t[\ (j-^- rtj < u-dJ J-^i J-A dJJj £)| d^p* ^ *,0 ^Tl>. jLjuI ^j-uLl^J 4j^jJlII jJ^L_JLl a I JtitIL<_ul 

.6j^La-cai»l 4_u 



ii 3 f| ppi^rpprj'ii'i'ii'i-T 



^T^ipfllflfl 



~» 10 "" SO \ \ 60 70 80 H 100 110 120 130 140 Jz! 



Hun 



ID 20' J / W 70 30 &D 100 110 120 130 UO 



mm 10 20 ' \ «0 70 SO SO 100 liO 120 130 140 
.* 10 SO M 60 70 SO 40 100 110 1*0 130 140 

dikkiiLiiLlii^^ Vi i ■ L 1 1^ ■ I ^ 1 1 ^ U 1 1^ U i !==■ L^n^l.,11 ■! ■=! i ^ 1 ^i i ^ I ■ n E j ■ a i ,=1 ■ 1 1 k J ■ fej ■ S ■ u ■ U 1 1 E l ■ n , I ,.i i , Li i t Lia J 

.^jjdiji^LUi :(1-1) j^a 

Cj-L-UpJl t^£- \^) J ( l)(2-l ) J^"* 1 CuJ 4j5e_Ai3jJLl ^j-ul_i2Jl daJlj^uI/ J 4 J 1 t ^ a 1 ' i^jJlXl j^La Ll(jlJ I l-<-^l ^^J^ J 

. \ i * i ss 






di.^ ^v 



jLmLlA 






llliiU^MTl.^ISt 




(m) 




(!) 



.^LSJI daSlj-i j 4_JL^ai jl*LA\ :(2-l) J^ui 

(Dividers) o)jU>J! 2-4-1 

.(3-1) J^~~"» uiJ 4_se_-Lbj_a 1 ^+j<)-w j ^jiijLjJI jj jL>*j^iJl j ^j^jUkJI j ^JL>.| Jill jL>-j^iJI 1 fl t o "^ c C )VjJLotXl 






O*^ J^ jWj^ 



er^J^jk^ 



c^'^jWj^ 



.cjIjLkj^JI &a Uh^ Jl^auil :(3-l) J^mi 

Vernier Caliper S-ujjJI cjIj iSJjJJtl i*jUill 3-4-1 



jl_<_uLt2i! 4_a^>Liw 4_*2-l^j 4_^j^Lo l_£j| 1 o^— > . x-jLuajJ I (JL^tA 2_ 4 j^-mM^-mU CjI d-U-LalJl ^j_a JuJutil 1_^_<_uLjj3 






di.^ m* 



jLmLlA 










i-ujjJl cjIj 4_aJlaJ1 a-i^-l^jj ( (j^-»j>j 1-3-4-1 

(jujLuLa 4_iic /TJ^-^J clxJU L^-AJt^I (j^-uuLuu] (J\jl*jj>* ^j_a ((*"') J^"""* 1 uj) i_ujjj| CjiJ 4_aJl2Ji ^jj^auj 

dJLflJI J-&J ^jojLlSjI ^ ^n^ Ju^U J-l^ILc ^j^j>iJi 1 Jl-Aj < ^-l(jl-UjJ I ^jojI J^sL> ^■q-luJ c 3^ H Mill ^jojI jj?a J-^-a 

dJj^>ij Jij9 ((J^jLUI (JujLuUI ^LlILjj) djj^tltl dLal\ jj ^nj dl!ji_jj 4_aJlHI ^-V^ <>_> lg miLLo JljJu>o 

.^JuJl>iJ ( *j 1 La 1 1 JjljJI 4_$_l3 ^jL_uJ 4^LuxjC < jr <_u_UjJl ^j t/1 U2 ^ U 4_u_uJJu 





«L*1 



I^=^R 



" Jj*^ii ^LiJi ji 






\^J ^ZSl 



4_^_l3 JljJl>iJ (^-^ J 4_ojjj| (jojl—iILa AjjJ^j (j^ic i-jjjjJi CjI J 4_^Jl2ji A H < «i^j ^jojLlSjI 3j^=l£ Jl^Hjuj 

*U ^£JlJI 4_OjjJ| ^jojLlLo TtJjjLJ C_JjJL_u| (_^JLc JL-^IuU 4 OJ^tl ^JL-Aj ^-L(i-UjJ I (jajLuitl (^C- ^J^ J^ ' J3 JLU ^ =2 

^^jLjJI ^jjJljJI aLl^I JJl^. jlj 1 ol^-i^ c 4-j j \ U, [ \ 4-lj^Ll(jlt^-U La_u aLl^VI ^j^o ^jLjIiwI JJlc ^1 4 ojmiSI 









di.^ m* 



jLmLlA 







~ ~ 1 + u 

1 " 
' * " 1 + u ~ ~ 




40 



I III. I I. 



■ II I L I I 
I I I I I I I t 



10 



^l 5— 



9 — 



kl 






(S^Uj) ^L_i1 10 



10 (^gjLcuJ (1+ <j) aLluSVI JJl^. jj ^aJ Aj^IjlII 4_ujjJ| CjIj 4_aJl1!I fl^ .^^jLUI ^jjJlISI a Lull JJi-C. 

J^-> m<) 4ji_<_ujJLI ajj^IaJI 5_ujjil 2_ JLitl J-l(-<-u ^^JLst^ . LjjUJI 4_ajl1!I ^^1^. j^>.jJtl <jI1j ^a J^! 4_ujj-!I 

c-cj^jj .(4-jJLilS^ll ^j^ll 4-1 L>. IL. ^a 9 ( j-^s Vjlj) ^ujjj) ^yi^- aLl^I 10 ^J\ ^A 19 ^U-CO^J ^UJ i((^-') 



^UJI 10 ^1 „ 19 




,jJLl ajPuJI ^j^I ;Q-^) J^ui 







a-ujjJI cj|i i^jLoll ^^JLi jUjV) o*\jl 4jJl±£= 2-3-4-1 

:4 1^3 <t 4 4j9J er^"^ O^W^' *!>^i Q '^" <jr^' 

(jyliw) J j La.3 ^j-ul_jS Jl-Lc c--(j?&-l^ c ^j-uLl^Ji ^.Lal I ^jI&Lx. ( jr ic aj^aJv ^j 4_1jLc 4_aJl2JI Q^^aJ ^jl JJ^) ^ "3 

. 4J jjuoiX I JJ^ta (jr^- (J^^ ^*-^ 3 4-^Jl2jI Cy^" 1 ^ ULP^^J U' ^-^ 
.B^IjJill ^.Lul 4_ajLall *ljjJu JLc- ^pj-^- jk *tl ULD^^J U' S- 4 ^ "^ 
.(jajLLdJJ 4»u_uLlI| ciaJuJaJI 3^j9 j^jjj 7c_pe-L^Jl a-t-bjil ^_ 4_rtjLOj| Li!L_u_rt1 ^-^^ "5 

.ill] 3JlcIS J|j£j ( JJLaJI) 
4j5t_pe_j-^J I pj dJI 3£.|jj9 ^lb i^£] C 4Jj miT 4_4^Lc ijLL^J i-UjjJI ^j-u Lj-d-t J^J-^J I i k> >» > '" ♦ J B^ljJill JLtCJ 
4 OJ^M 0£.|jJa Jjl JJlj>o c ^j-uL^JLi JljljJI 4-^_l3 JljJuscjJ j . i_uj jJJ jJljl^}) da >. jL^ (jr^" (J -1 * 3 (J-"»-2JL' Jj 

4-^lHIj *_a 20 = ^_<-u 2 (^f (2) i^UI ^>jla (7-1) J^-n utW ^Jl* er u_a T ujJI ^juiLiiJLl ^^1^. ipi^^ jja-j^^tl 

4jj < «^-aJI 4 oj^tl JuJl>iJ dJJj Juu ^UJ ^U .^-A 28 4jt^— » tl 4j5t_pe-L^JI 3^.|j^JI JL^^nJ dJJj (j^i^-J 4 ((^f^-nJI 
tljjJuj ( jr J_a_ujJI tljjJuji (j^_) ^lLsj ^JlIc CjJu>* (^JUl tljjJujI ^Sj JuJl>iJ ^jj^Ls ^C i_UjJJl ^j-uLlS^O (^^J-C £yQ 
o^lj^SJI ^-^tJ^ UJ?^^** 1 tiili (jr^-J ' 14 ^Sj ^JjJuJI JulC CjJl>^ ^1 U^tl ^jl yr tiajj (7-1) ^j^zaui (jr^ .i-Ujjil 
jl ^-f>-) (<UJ 0.7 — 14 X 0.05 = ij] c^\ U"t\\ ^l-v CjL>OjJl1!I JJl^. X 5_UjjJI 4j mLm>. = Ajj^a^zaJI 
l^J t «Ll(jL>. (JJ^-'M (yuJU J ^-L(jl£ 20 — i_UjJJl (j^iC aLl^lS J I JJlC ^jl (^! 4,UJj utC ^_<_ojJlj 4j5C_xi3jJLl i_UjJJl 

^JJ ' a ^ 3 ^ °>!^^J i^tjpe-j-^J I 4 oj^M p J o^-o ^~"^ ^j-uL^JLi JljljJI JuJl>iJ ^la dJJi (^^ic ^~J ^(^° 0.05 — = 

.^a 28.7 = 0.7 + 28 = u\j2l\ L^ 



\ \ 






di.^ ^v 



jLmLlA 







? ,3 A 5 



1 I I M I i I I I r,l 1,11,1,1,1 I, 



I I I I I 1 J 



m+ 



2 4 6 



I I J I M I 



V& TO 



.4_uj^AjlJ| 4_ujjJI Cj|j 4_*JlHI 3^.|j^ ♦(7-1) J^ m) 
4_jjjjJi CjiJ 4_aJl2JI 4_La_<_ul^J 4_<_uLSJLl JL_*j Jl o?.\jS ^ Lc 4_lL<3 j| ^ia-JU (o-l) J^"" 1 uj ^2>j^_*J J. .3Jlj>*jJi 



O^ 



5 10 15 20 25 i/iQ00in 



r 



iii i ..l 4 i. lUwU/ l W i im 



«7S9^T 23456 




WlwriliifirnTfTTTTTTjTTTpMiiTrpilll 

7 » B £ i 2 3 4 5 © 7 a 



01 23 45S769IO 



1 2 

1 2 5 fe|;5 fi 7 ( 9 10 



_LL 



m I ii\ l \ \\ \\\ U 



L_.__.J 



.4jpJLl ^Luj>lt Cj|j 4_*JlI!I S*!jj9 ^4^ iJla? : (8-1) J^aul 

((jj^JLtl ^ljjJlISI j^j_c) j^l tljjJlj ilcLiiJI 4_SJj^jJL( 4_^jl2JI <^£- SjLc ^^j^ ^' l^! ^jL^^Lj jju>oj 

^ljjJljJI 4_^_jj9j ( 111. — ) 4_i^>j_Jlj TTjJLd J-&J <UjjjJIj VJ ts>fi\\ {jj$ l)^ 3 Lt^ ^^^ i_JLL_uJI 4_£j>JLj clDij 
4_AjLai] ^ ^4J ^JjJlILSI I JL-^JJ " = IflM M^L-oJw J C ((!) (9-1) J^l mi) " = er ^t-UjJI ^ojLlIII ^Ac 

128 16 

4— l^j_JLj 1 ^J'^ 1 £li t ul < to- j^dJ j ^lilj 4_a^>j_l!lj i^jjJj i_ujjJI CjiJ CjLoJl^JI 1 tiajf Jlj>*jj 1 ^^-— » . IJl_& 

.0.001" = Lujyi iLu,Luo. l^Lflia t (( y)(9- 1 ) J^n <Su <^^jJll^= 



. ,, 



ll|llll|llll|llll|l 



'I'l'l Y i ' i ^ f n iiif 

Ti 1 1 m 1 1 i1lmlmttji|i p | m | iji| 1J1J iji| i ( i \j \M YmLijty f |l p 1 1 




ozne 



r 



1.1*1.1* lilt [ > I i ti I ■ I A ■ ! ,lt I i 



(iuajj) 1.304= s^lpjl ( v ) 



(4_t^^j) 2 



64 



ul^ll (!) 









di.^ ^v 



jLmLlA 







a-uj^) oti 4-ajlaJI £-(^j? 3-3-4-1 
oj-^aj OrijJll (jV l^LuA\ 4^.j LojlS L^jI ^^j-^j j (10-1) J^» ui 4-j<jkl cr 1 " J (Dial Caliper) >ij-* 

jl ^_a 0.02 ^Jl J uaj 4-t-t-uLL<jL>tJ d^lj^ill 4-^_l3 JljJl>iJ (J^-lX\ 3 La < ol^J ^ILj j 4-J JuLSjj I icL_uJi J^auli (^^ic. 

»juk oj-^j j .(1 1-1) J^-i A 4_ i-LJtl dIH^= (Digital Caliper) i^jJI will ju>.jj U^= .0.001" 
j .0.0005 jl ^_a 0.01 ^Jt 1 (f) j < «Ll(jl>. Jj-^j j dj^Luo d^ij^SJi 1 (gjlr j^Jaj Sj^-Lt-co 4_iLiij Sj^T^ 4_4ji2j| 




.j-ujjya j j d^W ^^ : ( 1 0- 1 ) (J^=ul< 




.W3jJI ^Jl2JI ;(11-1) J^iA 

^L^l o-^LmJ Ajiisj-i-uj t(^-l) J^-i M>4-oe^i3^XI (Depth Gauge) ^L^Vl U uiLiS o»jlS^.jLuVI 



^r 







a > U ;^ 1 1 (J^LlSJI <m <>>q 






A)- ■ J 



i"i 1 1. Pnl ii 4 1 "iir- (?i 'in 



■ 



.jU^Vl <j^Ljj3 4_aJu3 : (12-1) J^m. 

.SUuitl 7c_La_<_u 4-l^>U i-t^L^aJI iiLa.ll ^j-uLtSJI dJLb jIjllaI {y* jL^tlJI -1 

.C_3lj*J>ij| (JjJ 4-U-loJ I (^^IC- Ujij-4-C 4-4JU2J1 *-^J "2 
.4-lt-LuJI ^l^. ^LlSJI dJLb jL^ljjI daJLtis ^jLl^Jlj jl SjLjj ^Jlc -3 

(13-1) J^-> uu 2_ 1 o^i ^jllIZlSI 4_^jl2JLj L^_<_uLjS <^* <^j <jP-!l oVjJLtiil <j-^_ju f-Lajjl ^^LlSJj 
L_uL_u! & j ^-iT) ^stj .^jJLJI I jljJ l{gojo irt" (<u ^pJI (Height Gauge) cjLcUjjVI <j-uLjj9 4_aju9 ajl^l_oj 

^jJL>iJ < 4_aJl2ji pj-u L*-p 4-1^3 lL cJlJlL>iJ < djj^stlLa dJ_£ j 4_4Ji2jM 3 Jl^.L9 (j^lC- j^au^j ^.mjjj (jujLuLa ^o 
.\6j^=suuuA\) CjVj.t-Lu.il (jA^- CjLo^LjlJI jL>«jI 4r ^ '-^J' L^°l JLstluail ^j^=usj 4_aJuiJl ^JlAj .i_ojjJI (j^i^- 

(Micrometer) jiaj^Jtl 4-4-1 

jLL$j 4_jI £«-£>• ^/' SjJ) <JL>JU ^— 3jIL^3lj Ajiitlu-uJ (^-H ^^J uuJI juuil (JojLjjS CjiJjl>3 ^j a >j o^v ^a j U j y • J 
^j-^o flj— ^» ^J^-C- J^J-^J .((^-^ 1/10 * ) 4_jJLjl]| 4lu_<_uL_a3^ c_<_jL^ ^Jl rt ~r~>*]\ jJL_A^5j a| JU5eIL_<_uV1 iJ^_<_aJ 
iijJ^LSJI ^jojl—jSj (jl <jC j| (j-uLlSj ^iiw| JlJIj ^J^jLiJl (JOjLlSJI ^JlLo iAllitXI CjLol jL5tIL_u^U Cj IjILo Jj ^n J t, I 

.jILAjj^aLjJLlj (j-ul_i2Ji AjjJ^j \j jILaj^L^aiX I CjLjj^=3u<3 (j^ic c-^juJIj I JllL_u 



\ t 






di.^ ^v 



jLmLlA 








.cjVjaAXI (j^ttj (j-^Lj^ ^- L^jI jiitlu_ulj cjLcLajjVI (j-^Lj^ 4_aju9 :(13-1) J^^-n m< 

jILdj^^auJU ^-LQ-LtfaJJ C-x-l^za^J 1-4-4-1 
dJ^elll j C-L_)liJl (j\-^=sJii\ j ^jo/l jStl 2 1^-^ j jl UVi ^ ^ 1 , „1 , „| ((1 4-1 J J^-> t!u) j"*J)J ^=3L-iJLt £;j ^"'J 
jj ^3lLJJ ciJl ^"o. VI ^j_a tljLJJI J-^sQJI 4_ajLSJL Jl_uj^3lJI ^j_a (j^C j m ^a 1 1 ^jojLlSJI ^h < gj (j-i-L^TaJ ^jjjJLSI 
4-U_LaJ I (j^_J daJLJaJl 3j_jS ^L^J (jt-^- (J-g-*^ ^-tJ-^X>^' * * ' "«* (J^W* jL<>-<-(jl<v J^J^ ' i^"* 1 .4_<_ulJm ?g La < uVI *_a 
*—u3jJ ^j-uLl^JI (^-£9 • 5-^1^ L)-"^-^ ^^ Lr^- <Jj-*-^>^ (jl tiaJ ' * N J>jJ^ ^- Alulj (J-uLlSJI ^^3l^J 4_<_ulJm 



^o 






di.^ ^v 



jLmLlA 







(jujLJiJl ^JLA 






L>> ) L^-cu^q 




TRW 






O^J 




0P5-- 0G'« 



^LL^i 



>J **Jj <: -— > J \ 1 A-LluLli.lv 



.j^j^lxJJ -LuuiLuiVl Ciljj^aJll: (14-l)J^uJ 



A Usl /» « Q \ 







_iit 4 jU^tl 4 ^-ijj>J\ ^-b 4_uIjjJlJI 4_^=3jJ5ti] SjioLiil 4_Jjjj>JJ 4 ^=djj>. Qj) ^3J Iojj^LS <— J^LI 4-Jpl J 



^gjLmJ 4_lUjw 4^Ll(jl^v dJj^tlll dJLill ciJj^>o ^1 dUi ^jf jJLol^-i ojjj lojj^Ll!! c-JjJ jl J liLa .LiJj^jstlUI 

^J 4-^tS L^-Lq (J-^3 ^jL-UJ OL^^JuJ p < U 5 fl >J 3JU ^3 J gJj ^-Lfi-UjJ I (J-tJ'J^Uj .AjL5tlu_uJLl lojJ^LSJl 3j_k3J>. 

£)_rt ^Jj ' «.^-i ti 3^.|j^Jl JU^lj L^JLu C^j-uLSJLI JLJlJJ 4J5C_L5C_J-^J I O^lj^lll 4J.4 Ij^J J aJl^cIL-uJLi lojj^LSJl c_J jJ 

^rJLc) i^p^^JI Selj^II J\ ^N (14-1) J^» A J\ UjJ^ liUa .(l£>5I jlJI ^j ui2dl) o-uLl^I U^l Cr JL^ 

.J^-> Mill <j-oi2J 2_ (c_j) 4JL^JL1 *_a 17 cij^^ J CO 4Jl^eJLt *_a 38.5 cijLuJ (^lu^UjJI ( jojLl1U 
4 1^-r rtj i a7n *U < 4_aiJI ^j_a £J^>* ^j-uLlSJI 4 t^r (jljj J^J SjJoLjJtl 4 jH^kJI 4_^=3j*j>iJI 4_ ^_jj9 4_£j^lXj 

L)-^ 3 ((j) O-^W^ 4l^-r C jjIj lit ^LIlSLjj <^Ll2JI 4t^r Thin J^- O^-y* /»L<-*^"I ^j-a cA*-a JJlc ^1 ^j-uLl^JI 

C-c-Lcl 2_J. . jILoJj^=3lj!1 4-L-l.uLlijLV. X aLlujsVI JJl_*J 4JjL_<.iufl 4Jj mi^-tJI Q^Ij 7i\\ JJ ^aJ 4 aLlul^VI 

0.5 

T—^JJJ .^_A 0.01 = — CiAjJ ^3L-lXI 4-L-t-U LL(jL>. £j|J ^3lJ ^LjJIjJ 4 Lc-CO^ 50 ^jl_<_uJ (^J^l JlJ 1 pj t ^^"t)) 



50 



.jjjaj^^^a-J,! (_,!£. (j^a jbuVI a*lj^ 4_uLt^3 ( _ y ic (j-JllLa (15-1) (J^~i ni 











14 11 


Illll IhqipMi 




4tf 
^"5 


4? 


l||IH|llll|l| 

5 to ?5 


^ 


JO 






^^, 









1 lpidqliii|ih J 


O 


| 1 1 I I | 1 I 1 | | I I it 

^^ ^43 J?5 El_ 


*o 







1T^34 mm (t_a) 



3a 9 ^5 mm (I) 



n 






di.^ ^v 



jLmLlA 







.^j^auiXI S^ljl^k. ^la! :(15-1) J^im. 

(Outside Micrometer) ^jUJI ^Lill jI^jj^la 2-4-4-1 

jfi<<^ I Jl_li£ < 1 g f oLi^ c_jjJLLaJj JLju Ji L.(-n/ull ^j-uL_lSji CjUaLLaj JJljlIjj .^j-uLlSji Cj\ ILu-Laj £y3 £)\jla (JL^a 

Jj 4_<_uLiS ^j_^3l^j juu ^ tr\K\ <J-<-^j (j I iJl I j^-n ^ j <^ 75 ^1 50 ^j-^j < ^ 50 J J 25 £>^i < c^° 25 <JJ 





4_oJtL5tXI CjI JnjWifl Ju^l L3-L0 (J-^3 l.(-lu1jj ^J*l}\ (Jl^-— » m« j! ^JlA ^j_a 7tjL<3-> (17-1) J^~~*» m« fj^j^ju j .*uii]| 
.(-i) J^~~*» M<tl 4 o taj U I j^ CjVjjLULI dJJjL^s j < (r-) <j\_ljJu3 <j-"LjS I|_^iaJ r-l^o (^^-Slj 






(cj) 



(?) 



w 






di.^ ^v 



jLmLlA 







'—":/;-" ■ 




l jg jj& 



(j) 



W 



. Jll^JLI J ^jLoJJ 4.aJbj&^ Jl_^3ui! CjIj ^^jLv. o«LjS O IjILg jj^a_u3 : (17-l)<J^=ui 

(Depth Micrometer) jUx.V( j" 1 ^"^^* 3-4-4-1 
^^LjS jIjJLI 4-U_loJI ^l^. jL^ljjVI 4I^3ucj d^po p^*^A cxjliJI ju>JI J^aui £)! Vt 4 i_t^jL>iJI cjL_uLi2JI 

jLJjL5tjJ (^J^lJ TLJjjLJJ ^j oLl2JJ 4Jj5££, JU>*JJJ . 4-U-LoJ I J JJ>JL 1 UjlJ_4 C-cJUJl JL>J I (JJ^"^J d*_JJ>*JJ 4 L^J J^JtJ I 

iJbt^ ci^^dj^o ^rSLliLj 4iiwl j Ldj^slil jl>JI j| jCuI dJLSi c-JLUj O o/Uil J^jlII jlj Ul^-i <u! da> JjU^Vl 

^j-ul—L^JI 4 t^-r (j^i^- ^dj^"^ ^L>oV 4_u_al!Lj dJJjl^s J .^j-uLl^JI (^Jla BjbjJj J-<L_u1 ^1 j^l^3| 4^Ll(jl^ ^j-uLlSJI 
(^Jl^o BjLjjJ j .(19-1) J^-n mi £)_4 dUi 7T tialu 1 o^i ^g J j 1 Sj 1 1 jJLajj ^— > j I Lj 4_jjLHLj ^joi^sLjla 1 tiaj| ^^ 



u 






di.^ ^v 



jLmLlA 








.^U-CVI (J-"Lj^ J^LqJJ^3L_U3 :(18"1) J^ Ml 




0.535" = aA*-,1\ u\j21\ 
.iu^^jJL J^U^^M jIUjj^=a_u3 3^lj^ : (19-1) J^-> t 



(Inside Micrometer) ^liljJI j>" [ :^S' a J)j^: a 4-4-4-1 

4_5e-Lbj_a 4-llo.ujJ I L^_>1jj>*1j i 4j9Ju 4»lL>*1 Jul oL_uLlSjI £.|jj>* 2 Cj jjILa jj ^1 j t, I ^j_a pj-ui I J-& aJlJ^TliuJ 

c-(- t-uLuJ 4_jj)j^a 4_*_uLjjS Tela l^I ^jj_^3lj c— >Uj ajj ^-ijt I (j-£ pj— tJI IJ—A <jl da >»^ljj .(l)(2(J-l) J^"" 1 lu ^_ 

.J lH I J^LLL^ ^^ic L^C-SU ^^1 Jill jJa-H| <J-uI_JJ3 SJU- 4" U-^=3 i-uljIa^_uVl ^U,„Vl^ ix^Liil ^U,„Vl J^3-ii 

Aj^Llu-a 4_J£.|jj9 ^jj_^=aj La Juic jILajj^— » J t, I (Jj-Ls ^gl jILqjj ^—nj<UJ ^gj rt ( *a » I (Jj_Laj| S^IjJLjI ^Jufc ^Jt c3l ilaj 

j < (c_j)(18-l) L ^=3Lui £— ij\±j$ j-A 1 <i^— ■> (jojLjja ^ ^i oj ^JLxl j 0-^1^ cj IjJLa jj ^n j a \ <>nl j^j^ j .j^Ll^IJ 



H 






di.^ ^v 



jLmLlA 









.(jOjLjjS ,^^=sJn ^JL^I^ (J-"Lj^ J^UJJ)J^3LX4 (c_j) .^_A 25 (Jj n <^11 4JjId ^JL^I^ ^yuVjA jlA^J^l JlA ( I ) 

.^IjJI o^LaJI o[p^jj^jo :(20-l) J^ui 



jl—^ajjl ( )-ui> e^^ 4-^MHI j>jjl_j>JI oj^fc jl^.1— l^j (22-1) J^-» ^ 4-g— ^>^ J^JJ ^-tl-JH ciIJjl 




Gauge Blocks (jAtSJI c-Jt^S 5-4-1 

^1 .Cj\ JljlII dJJj CjUIjJs *£— 1 Laj>J| j| J ** JljJl>»jj ^j-uLlSJI CjI Jula 4_3J jl—QiwV a^j^ Juu ^Jl ^j-uLl^JI 
Ajl^JJI £— dJJi ^Ji|_l! 4_JlZLo ojjj-^j L&Ju^u ^j 3 JLluj L$jjIjj>* ^"J-^ p-^J (^ ^-^^ Wj'J^** (J-^L^-l'J ^ ' "-2J, I 



Y» 






di.^ ^v 



jLmLlA 







4 d C I ' ^ t 4_^L>. 4-J>JuU3 (jL>JuU3 1 <a A> J 4 \rt-A 2 Jl ^-4 1 U^ ^L^3 LJL^tjU (JJ^"^j) (J^ 3 ^' 4_4JlJL<3 (j^LS 

*_A-bj ^U_J j .(JojLlSJi Tela ml *_a LJJl ^— i"^ VI j c-Jij^JJ jj ^jlIX) (JLsju— <_uVI 4-j?c_l1j J_^=dQ1J I g^ILqjlJLo 

.^j-uLSJLl julJI uLm> jlI^, (J^LlSJI (jri-I^ LjJUjgj i^jS jLo^VI 2_ J^J^ (j I v^^ j < (23-1) J^— t^ 2_ 








. jVj_o]| £ya 4-C j ii^ia P-tJ-A f t^^O J^ ^3'3-^° L>°W^ S-^'3^ 4-Cj-$-3ta :(22-l) J^juIi 



U^^jj ^l!I j < (CERA Blocks) 




l:(23-l)J^i 



L^ILajlJLcj L^JJ 4_<L>iJ iVj_aJI ^j_a 4-Cjr ts>X\ ciJJj ^C c__JljJi]| ^c 4_t£.jjJ1 Q*JJb J^-^ J .(24-1) J^~~* » "' 

.4jjlJL^1!I ajjVj^iJI c-JIj-HLj ijjLlllj 3 ♦ ^"j a La>jLju_uI ^jL^ dJLSjJ 





.dJLuajjj i nil £ya 4_CjJ_ua_/<3 JjU" i „ /\ *_LaJL<3 jj AjjI^ILq ^j-uLj^ c—JI^jS kc^j&jts :(24-l) (J^=3 I 



Y^ 







0.00006 (j^j La ^-j(j.1jj ^L*l! ^^ -^jJI 1 Jla a^j uj^jl? < s-JLaU jjl>J>I julJI U-ajl^! ^4^ y"^^ 
z^L^JI c-JljS ^>jJ i_JLU( c_xjj yjVl liJLia < DINj ISO CiLiuDl^ J3.V L^L j .^0.00045 ^^ ^ 

■^jUill ^jJo^JJ J-^mi Ig- AjLieliuJj c((JJj^±0.06) i-Jlx. 4j9J Cili ^J : %% 4_uj -1 

. j)Jj^=3L_U3 i 0.12 1 gl& N ^JLlJJ J^cLjlII 2_ ^J-uLl^JI OJ^^I da-XjLO 2_ AjL5eIu_uJ (j^J iO 4_UJ -2 

.i-tlUJI 4j9jJ| Cj|j CjVjJlAII (J^^tL^i 2- Ajlielu-UJ J 4 j) JJ^=3L_LA ± 0.2 JJ l^J J^aJ il^-uj "3 

oLJLulaJ 4-Sl ^=nl aJl5c!L<_uJ J. QJJ ^~ n ^ Q -'- 0.45 JjJu>^ 2_ 1 jfr°\± ^jj_^3lJJ c JJLtiJI rt rtUl (^-Aj ^2 4_uj -4 

(j^JLlLc 1_J_& ^yzsjjuuui i^jlW ALkaJJI pj^_JuJ Ij^kiJj .jIUJULILj jl 4-l^jJLj (jj^~"»" Lot jbu jI 0Jl&j c jbu j| 
( jr l^. ^$jJL>iJ (JjVl ^jaLLaJI £)| Jlj>o (4-1) r*-3j <JjJu>. (jr-^ .jTco-ILlILj ij^jjuo ^jojLl^JI c__JIjj9 ^j_a (j^-^L^ 

<j_a LjJI^L! rjJ^ 4-^'j^ 9 jjl-cj j<u3 1.0005 4J^L jljJj l-JIS jji-c : ^LlSL^d S^.i^ c_JLj9 1 12 jjlc 
L-J12 49 jjl^. jl^jj 1 o^ .*_a 0.001 (^jLcuj (3j U^kJI er*-*-^ ) ^Ls ^Wi^ (*-* 1.009 ^u*. *_* 1.001 

JJlx. ljJLlAj *_a 1.49 Jj mS\ £Jlj4> jbu! JjualJ *_a 0.01 LajIjlIa Alblj BjLj^j ^ 1.01 (jja fjuj JI^L 
c-JIjS 4 JJlx: Jl^-jj Ij^iwlj c ^_a 0.5 LajIjl^o ^U>j ^o 24.5 <^vj ^ 0.5 ^j^o LJIjisI IJlu c-JIS 49 

.^_a 25 ^jL_uj L^jjU-w ^ji ^i ^_A 100 c ^_a 75 < ^o 50 c ^o 25 JIjIsLj 
.^^LlHI c_Jlji ^nUl ji^f :(4-l) JjJi^ 

^ !,♦ m i ^»A i i !,♦ >T i 1,^\ ( 1,»0 * , * * ) 

n ),t c \ i ),t^ ' t^it^rt^M,o *,o 

49 24.5^ ^£4 23.5 * < 2.5 < 2 < 1.5* 1 '0.5 >,* 

t ) > , t yo t o, 1 25 ^° 



j (--cJLS 88 (--cJlj^JI pj_^j?c^ ^j ^n 1 j ^j-uLl^JI c-xJI^S ^j_a ^SLLaJ j^T VLiLo (5-1) ^Jjju^iJI ^p^j^juj 







.(jo/LjJllI c_JI^j9 CjIx.j_4-« JlvI !(5-l) (JjJ^>* 

^ ^ , % % ♦ o ♦ , ♦ ♦ ♦ o 

i !,*♦!( !,♦ »A ( i 1,* '^ ' V *^ ' V '1 ♦ , ♦ ♦ ^ 

t<\ ),t<\ l ),iA < tVitVrtVM,0 *,0 

^ 1,Oi1iA,o t t y l ),o %,o 

^ ♦ ^♦♦6^«6A«6 i f » ( t M 1 ♦ ^ ♦ 

<j\ (j^LjJill c-JIjS jLjIiwI Ju£. (jr^lj^ J .^>JuJu>iJ -iljJLl ^t^-itl JiajJI Jol^-nj ^^1^ I Jt^aufcj ^1^1 ^jufaAJl 
4__jJlUJ1 4_jJJul]| 4-JlLcV| ^yi-XJ Ju>*Ua_u (J-Uua Juu JuJustjJ C-JljJill *_l^j>o 4-JU-C ^_u-b^I<Jj .C-JljJill ^j-Aj^^l^s) 

(Jjju>ij tc-a^jJLI ^j-uLlSJI c_<JI^ ^SLLaj ajIjlLl^ x\ fCu-iu j J-^sQJI 4_ajlJL<3 ^oJLS 1 ^y^ aJl5cIL<_uj ^J (jP-!I j 

.(4-1) 

(^_a) 4_aj^U| ^j-uLl^JI c__JIjj9 (^-^) c-J j I U t, I JljljJI 

25,23,1.39,1.002 50.392 

50, 15.5, 1.48, 1.004 67.984 

60,8.5,1.11,1.005 70.615 

2.5, 1.12, 1.009, 1.0005 5.6295 

t^l^D cjlitlj^^ .^ 67.984 
.^50, 13.5,1.48,1.004 



(Dial Gauges) ^Lall cjL.L-u 6-4-1 

Jio (JjLcaJ I * La-gJ i^j ka 1 1 1 ^j-uL^JLl ^j_C ^JulAJI ^j-uL_^JLI J>3 T p^ ^-^J-3 JuJL5tjJ ^j-uLl^JI CjLcL_u aJl5cIu_uJ 

_ rr _ 






di.^ ^v 



jLmLlA 







^jl3 



£ri> 



?-hiii (jr-^- ^ L<-'ju I Cu L p J ^Ilj J .(25-1 ) J^—* uJI ^j_a ?c— usjj 1 ^^3 ^jIjjJlJJ iJuLa 4 2JL>» 4j lL^jJvJ (j'jjjJJ 
j j « j ^-» 1 1 j^uI/J-^JJ 4_L<3L^3lJi CjijjJuJ djJoLlll o^ljJiJI 4-^_l3 /^-LaJU s t • * <o jSmjjs Jl^*jJ J .jLt-LaTn-uV) *_u^5 2 

2_ l) -uLl1!I ^Lu! 1 ^iin ^JLjl^ ciUj ^jj j^ijJLl cjIj (jo/Liilll cjLcL<_u ^jljwI (!) (26-1) J^-> <* ^^j^u 
s^IjJLSI 5_^jS Laju 5_l^j (j^LjS icL_u i (z) (26-1) J^=3Lui) J^-> ui 2- j ^ tsi 1 o^-> .(^-0 (26-1) J^-> ti 







jUiL^ 1 ! ^^ 



^-Uiji jj*p 



.^j-uLiiJI icL-J 4_u_uL_u^l cjLjj^-ntl : (25-1) J^-> m< 




w 




ti - 




(?) 







.(JojLjJiJi ^.La! l^ILujj 4_Sj^1s j (JojLjJi]] CjI_cL_u :(26-l) J^=uI/ 

( ulljUl ) GL&i^l jaafl ° - 1 

^_ 4 H<? rtl L^I^zsj^o (jPil i^L-JLl ^q-luJJ . Lfcjjjsta cX^ f^ talulj JjJ^ 4jIjU t «1 ?rhi(i <jr^ (^J"^^ aL>ol) 
AjjIjJI *uLj9 ^JlLc ^jjjJLkJI ^1scjX\ -ilj-^t ^C LlIuj j AjU^tL oJl^Ij *>JJ-* J^^ 3 (jr^- (jr^J-^^ ^L>oVI 
daitJLl ^jlj^VI Jj^tl jJoLLlS J^^\ L^i < AjU^ti Jjla j_A 4x.LojjI j 2MjU ,,Ni da_pt4 ^^ 4jJlcLj9 jij^aj 
^-A J 3 j La an II Ajjij^j ^jjjJLkJi daj>iJij 2MjU t ,<Vi ^U^a ( j\j La 3jj-l^j>JLi 4jj|jJ| ^^-cuJj c^jjjJLkJi 
£ j Y (^iJ La AjJulJI c-JijJJi ^_ 1 £~ o j ^ ^-jJjUjj < 4j j-LaS* *_a ujj^ia j c-JjJJi > ^^ *_a Lu_o^3lC c-h-uLuj 
j 4_u_uL_u2i oLL^Jtllli (J^sju (j^ic c-^j-Ca-t-u cc-JijUl ^j^^-^t 4 ^ n V 1 1 JjL-u^Jl ^3>>jlLcuJ £)! J-^J .CjL>*jJ 

cc-JIjUI ^j_a 4_u_uLjj9 fljJ? 3Jlc jL^I^.1 *u cJjJlSI (J^j c-JIjJLSI ^j.4 iollitXI f-l^j^l ijJjLu ^jl tiaj j 

dJUjL^s .ISO oLl^ljJL l£hII c-J^iiL) JjllL_uI ^jJI j i_uUVI i^Li!! oLl^lj-JL! ^yi\ <— J^IJI ^^ 

c-JjJJi j <( jr a2^aJI c-JjJJij 4 cJSjjstitl 4_ul< 4-Jji J < 4_^j_lSLj ^Uj| ^ jr Laju ^JlSi Cj^pjj 4-Jj-! ^^J^ 
^ya ( 1 (g"M < «1 ^yi ?r JajJ 1 0^1) LJ 1 ^n Tu 1 ^_ j (j-coil ^J^J 4r V^^J^^ Cy* P^J- 1 ^^ ^J^A eJiJlio j .j>jJlll<jlU 
Juul uLu>. ^u j .£yuA\ pLS j ^^ j ( jr ^jL>iJi j U^ti ^JLc CjLl^jJL>Ji j i— iLstla-ujjJl j CjIjI JlL_u J 1 <^*-£>. 
^JLc 4 j j t^ajJ I Cj jJulII dJJu Jl^Hju j -pj- 1 J^"V ijc^li. Cji^uw ila^_ul^J 4_^jL_uJi pljj Ji ^ya pjj (J^s 

L-JtjJLJI < ??j}<^ 1-5-1 

.(27-1) J^-i m( ^j-^ ?r <^J 1 <)^~^ j^JlL_uJLi c-JjjjI j ^^^nll c-JjjjI 



to 







^ * ^ * -t4jJ 



di.^ ^v 



jLmLlA 









.CyJIjllI a^L>J Uk±d\ Jl^iAVl :(27-l) J^=ui 



^■jGUua i_j-i>i 



j ^^V Jt uaj ^ylj-^JI t-Ji^JJI 4-il^! O^ -^^N (jr^b p^J 4- S-«-^W dJL^uoVI Ju£. t^lllL^D (28-1) 










.AJjLcaJ! J LlLloJI cJI^IJI :(28-l) J^=ui 
tc-l^jj 1 <)^~"">J < A^=Djj>ti\ c—JljJ j CxjLpjJl c-Jijj :^JLCjJ ciJw^^ a I JiitTn-u J I ^j_4 ^p^jJul <^p^ ^j->3 Lai 

1 ^ < ^ + i 1 4-LLUJUlj £ljJ>*2l dJLjJ5tJJ 4_UUJ1 J t ^JaJLJj I I ^ < ^ + 1 *_j<3 £.|jJ>* Jl C.L ^Ur LLJ AjL5tIu_uJ ^Jj ili 4_L<a-L(jLLJ I ^j_4 
J (29-1 J ^ ^3 lL 7C_X-bjJ J .i_Lk2^ i^3J^>^ ^Jl AJ^JlJlJl A^=3JJ>ti\ JjJJ5tl] AjL5tIu_uJ L^jI 1 3^3 / ,j >» ♦ j 1 1 

.i^Dj^Jl c_J^J j Cnmtl c_J^J ^ J^d fr* Uhid\ gjjjVl (30-1) 




^-60%, p~^y-*'/y 




jijj! ^11 ISO wjjj (w 



^i! iso ^Jp ( I 



n 






di.^ ^v 



jLmLlA 








jn — ■fcjH^hJJ :;^jjjij'i S-JjJ ( J 



::^jjyijo Uj! (. 




J^Jlt 4-i yJJ ( 1 



.^j^JI ^Jiyi iibiai Jl^iAVl :(30-l) J^=ui 



^_ Lc^_ul/ pljjVl ji^sl ^-A J 4C_jI^jjI oJj^Lo t_xit_^J Jl^jIl£ 4C_jI^jjI JJlc ^tP" O-^ 3 Lai 

^L>oVI 2_ 3jjj^-^ 4_^3jj>. <jr^- (Jj-^2J>JI -^J^ L^Lp» c_jI^jjI oJJulLo c__JIjJL!I J-^jlL_uJ j .(31-1) J^~"» m( 
oJlc j! < rt*<>> 3jIsj>iJI Qj)^-"»" c_jI^jVI aJJuuiJ J! i-uLcJI c__Jljl!l lL_j .(J^JS CjIjjJ JJlc J!>tiw ^j-^ (^jj^>JLl 
IL. J j^pJI aM^I J 4jjj^>JU 3Jl<^ VI CjIj .j^l^tl £_ c_jI^jVI oJJulLo c_Jl^iJI AJiitlu-uJj ^U-cal211| l-$[jljl&\ 



-i^vi .^i^ 




~U*V1 ^3*i 




.c-JljllI 4- vIjjVI ^ ;(31-1) J^ui 



C-JI^U) L )A5ei Ci( JLsla 2-5-1 

JUU^U iJjLflJl LAJUuI 4_^Jl_L2_a £)_rt jL^sQiJ OJ^JUlIj J (jajLuill (Jjj^Ls ^C C-JljUl .j^^ A ^jj>tJ 

C__JljlJl (J-"LjS CjljJUStd J^JJ J .(32-1) J^-n LU 2_ 4j5C_ii3jJLl C__JljlJl (J-"LjS CjljJUStd 4hfJjJ oJl^Ij 

_ rv _ 






di.^ m* 



jLmLlA 







<J-"LjS CjIjJL^O Lfcobul ^^LlH AjLJtTLCU-t^ i-iiiwljljl c-Jljill La! < 4_L>*jL>J| c_JljiJl (jujLlLa JUjUSfclll i_l2L>Jl 
cL-p* 4 c__J jJLJ iloL^zaJI i_LjLjL>JI J^-» t!u Cj|jJu>JJ 0jtJ ^^Lg-iuJI <-_3jdaJI ^^1^. ^^J^J .4jj|ju_uJI c_JljiJl 
J U^ti ^.ic i_uL?dJ ^jLjItiwI J^"" 1 UJ ^^i*^ (jy^Lq.m^UI ( Aj U t i Lof 4 4jj.t-LU.U (Ji-l-i 4luJjij TT-fl-LuJ £)! <--^>*J 

j .4jj.t-ju.tl Ji.b ^^j-S^Li ?c-^^uj V! la) ^p- icL_cujlll jUstl Vt 4j j-£l±*i Vj pLSU ^^IjJI j ^^jLkil 
^jjJLtLj ^jIju-uJI s-Ji^iJi ^Li jjl>JL ^^Um^UI c^jlaJI j c_-J)jJLJ ^^Um^UI Cr aL>JI ^LiUI jjl^o J^ 



.-pi . I.— p 









I Mhrniij ji (^Jl>« <-r ( -Mj^ 



.4_l1L>J1 j aj^IjuoJ 



(_£-}] JuLU <-_-«_J1^_J (J-"Lj^ .iJL^O 

<jr 2Lx <-_Jlji o-"W^ ■^'-^ 5tA 
cJljlil ^Lji CjIjjl** :(32-l) J^,A 



J-Aj) LJa < tJjlU) jda^Jl Lol 4 (j^J-S-i J^JJ^ 31 ^ f* ' A^ILJJLU I ^JJ C-JjJJ ^J^jL>Jl J U^lt ^jojLj^ ^.ijj^V J 

4- ^Lall j^Jj^-» ill ^ eJitL>tJ ^JlSI ((c_»)(33-l) J^=> m«) i_i_uL>J| j.Iajj^l-l* 4-La-LiiljJ (!)(33-l) 

.((^)(33-l) Jg-,,t, ) <>aJ! Sjjlj J SjlaiJI 






.4\jUJL>Jl jIL/sjj^a-La 4 U f fdjJ C-JjJJ <l^> 1 njILtl j Urtl) ^ja/Li^ : (33-1) J^^-n Cm 



YA 






di.^ m* 



jL/Ll3 







j_& 1 ^^-» jJ^^-~^^ ' " J^^M c-cjL^JI ^.Ic j (J-^LjjS dlLuu 4_LjuL>- Jl^I ^i^. c_JjUI Cj|jjst£ ^jiwl Ju *-i-bjJ 4 a jj La 1 1 
J^—> u<) c^j^jliw ^L^ jILajj^-nja 4 La t «I^J ill^L-u 2 I Jj>3^ £y* ^jojLl^JI *UJ fU .( 1/(34-1) (J^aulu ^_ (J-t-ua 
MM ,„Vl jl LaSf da-pjJI j .^LJLaJI 4j ^Lcoj»JI CjIj Ajj <^jH JjLl^jJI (^Jl^wI aIjlst" miLj jf c ((c_j)(34-1) 
j^LaJill j_& (j-^J-! 4-JLj^iaJi 0j_& ^j_c tljlJJi ^j-uL^JLi j < 4— <^aj?t3 -iijJU (—cJjUl 3j_La^ *_a 4_lALlLo 4j9Ju 4 ♦ u *a 1 , 1 
.dJj Ju 4-L^aj^aitA 4_il£ Jjl Ju>. ^j_a Ja_<_ujlLlj jdaJLjl da LuTLt-u I 4HLa_<_ui^j ^ILj < ^jLlL^i qjjLza <Ljl^=sj j da_*_ujlaj 




.SMill ol^LuiVl ^j>L^ c-JjU ck^jHI jia^ll ^Li :(34-l) J^A 




dJJj j 4_ujjJ| CjIJ 4_aJl2JI j jlj>^AJi 4_La_<_ul^J La I < 4_La_<_u_u3 A-^jj^Laj 1_^_<_uLjj9 (&-ju£ c-JjUl ojlaS* La) 

oj ^-j j -M (35-1) J^ A ^ drs^l ^jl^ ^uSM J^ A ^ ^'u ^1 j < (0(35-1) J^ A 4. 

4-J-Lt-<a 3j_Laj>J ^j-uL^c 1 ^J'^ 4-JLila <J-^a J c^LLaJI ( jr ic aJJusta Sjt^lj ^j_<_u AjjIj^j CJULila oJlC ^j_a ^jsLLaJI 
£.LLaiw| i^g] JljJl>iJJ c__JIj1J| 4j9J (j^^n\ 1 tiaj| c-JljJLSI obt-tla a| JtitIL<_ul ^j^au^j J .4-l^jJLj jl jIl^-lULj £.1j_<_u 
(j-^lj 4-jjlj Lo! Xz) (35-1) J^-> tl 2_ 4_^jj^!1 5J!LoVI ^ g-^ajJ U-^= <j-uJ1 5jjlj ^- J^ 3jIaj>JI 2_ ^lj^_u 



t^ 






di.^ ^v 



jLmLlA 







M|^H M^^HA |^MMM 

A/WV WWV MA/V 





Cp) 



.L-JI^UI 4^^ jW-^' J SjU^-tl ^j-uLj^ IL. c_Jljl]| 4_«_lU ^ 





^j-i-oJl <J-^ o-"W^ Ai^ o-^l ^jb o"W^ -*j^ 

.c-JI^UI (jLu-u! &*£. j LjIjj o-"Lj^ -^j^ : (36-1) J^ m) 



j^^j^o lt^- jW^' ' t ^ Lj * l^j-^! J .(() (37-1) J^-> m> 2_. c>-lII ^j-l^JI lL1JL_uVI jL^l^j t ^rj"^^ 5_u_uL-ojw 
i(c_j) (37-1) J^a ui 4- 1 q^» <^£u j^j_^^j j^l^i c_J^iJI ^^ Sj^jn^t (Microscope) ^Liw 



r* 







di.^ ^v 



jLmLlA 







M 




(!) 



.L-Jljlil jl^I ^ul^ £>*^ <CuiLi ^yk. j^Iaj j (Profile Projector) ^j^Ml lULLcuVI jL$^ :(37-l) J^m. 



^HHHMMH 



HP| 5 10 15 20 25 Vioooin 

H|ll l |i il|<il | l i ^ l ^|\ i \/JiMi | i li|il i |ili| il i | il i |i l i| ni| ii i| ii Tmnniiirri-rM 

4 567891 1 234 5 6 7 8 9 ^, 1 23456 



^J^ 1 ^^ 'rVrVi ^i"?! 7 VH4 f i |Tt H-f4i^f fT?f Yf . E i' i 1 !, J T« I , l ^^ 




(u) 




a i m m tt> 26 Vp«o» 







(?) 



5 10 15 20 £5 Vioooirt 

91 123456789^123456789312 

4 5 6 7 " 8 

iF|rir![iin|inl|illl|iiii| \\\\\\\\] i 



Mmw 



1 2 3 4 5 6 7 




(j) 



Or) 



n 






di.^ ^v 



jLmLlA 







.^^LlHI 2^*j £jIh^3 *_* i_iJllJI JL^=3LuiVI 2_ (iu^^jJL) (JL^VI (j^Lji 4-ajlS cjUIjJb *mj9 jjl^(2) 




[ fc 




M| 



'rH r- L f.fjf h : n J, Iif-fr i J, ?ii -f-T| J. nn ^ /- n M p^ f ■ F.Tih 



r> 




MJ 1 KTj,!n ! M 1 ! l t^?,%TaJXt.T 1 ?^*,V| ! lf,r ! f.?,T 1 




(u) 



(I) 



p£ at 



W,r,:j^i l L!,ij ! f l t ! tj,vt!ff j ' i ' ,tT ' ?i ^|!v,',v i, !L 



Bt— St 



? , 



n i i m ? i ] i 4 i i m i f i i 



i .Mb* ^ 5 i » in » 



5ft *o *5 =* 




I 1 f ( i 1 t l f l ui;;J^^,! 1 i ( f,f,i^,ii! I ! l i.f,y ! n^ 

V ioiiSa»*>*ft*»*9W 




(■>) 



<*) 



HI 4_^jl1!I jIL>.I <*_a34.28 — jlju (ju/LJLt i-uVI oMUl ijpJtl oLajJill l£J^1 jLlL^I c_>j \U{\ (3) 



4_aJuLll ^j9j 



^ * 4_tJjj_II ^JjJu aLcujM ^Jl£. 



. ( jojLl1!I aJuwj 4ji!t^3 *_a ^LJllJI Jl^n MtVI 4- ^>UI OJjIuajj^-ijU cTjUIjJ^ *mj9 JJl^ (4) 










rt 






di.^ ^v 



jLmLlA 







.^j-uLmJI ^^^j <ul"<^i *_a i-JLlSI (JL^a Mi^U (i-Lo^jJLj) ^L^-c jI o-^Lj^ cj jjJLa jj ^— » j a cjUIjJb *mj9 jji^(5) 




9 8 7 6 




7 
8 
9 



i lilili l ililiL, - .10 



1 1 

1 £ 

1 S 



:(5-l)j (4-1) (>Jjjlj>JIj 4-jLjlL_uVLj cdJij < L^^l jiieixJ ^jju i_ulill j <^-al I ^JLq J^ ijJU^ 

.jo-128.7385 M .^79.633 (?) 



.r- 99. 123 0) 



.<"53.m(E) 



rr 




AjJijji 



^Uj^Jl 4 ^UU 



■cvifri n lhii)-iillqcvinll pilnill nnlnll niiiiiii] nll 




uULtd 



UjjJI ^L^ 



bljjJI j*Ll3 uULJ £tf}| 



(JJL! j LjljjJI (J^^u^ 4jillie_U (JO^' Cr^ 1 *-^J-*^' 
:4-^ju3 (jr lc ojjuill ^Lj^ UJ^J JjuaAII (JlA J^^aJ LaJu£. 

ilSUI jck^Vl Lljj ^L^J i^LUI ^ji^JI • 

.Z100 4-llujU 3j|jL>JI 0Jl& (jL2jJ (Jl c_jjJllII <J-<-^ U' 



rt 













2UJ&1-2 

j 5JL5ULI 7t h < « j I jLiij V IjJaj ^J-JuauJ I (JL?e-^ ^_ i_u_uL_u j| cjL_oLlSJI ^o LljjJI <j-uLj^ j-p-*^ 

ijllll J^lll^ ^^1*3 .iillseJtl CjVjjlAII 2_ (ojL>JI CjbLgJJI 4-^^ B JuoUllI j^£ ^f) AjjKmiU c-cjIj^JI 
J (1-2) (J^aufu 2_ 4j^-tJ3jJLl < (Til 1 1 daJu J iLaljJ»JI a^LjBL^s * U^tl jjuu 3j>^>-jJt1 * La 2 1 1 hljlj <J-"Lj^ 

i^jua (3£/i^ (j-C jl {(JLitl (J^t-n-u (j^ic- * SJLSJlX 1 4 La r «I^J Bj^iLua 1 $1 o j^l JuJuselL) (JJ^iJ (J' W ^li>^ O"^!^ 
CJlJuua J-LL^LajJ ^Pdj^uj £)! (J-^3j .AjjIjJI 0Jl& jl JuLa ^QZLxjuI s&j ^j ^ya J LJ 4_j!lLlIi i. noil I ^Ju^l 4_^_jj9 





.c-^JId^^j-kUl Lljj:(l-2) J^=u 



Ji4t j UljjJI j*Ll3 ulJt^ ^ - ^ 

da_pe^ ^^ic Slal^aJI SjjJlJI jJ^IJj j <( ) ^jJlSI ^^ ^gj^-jlgoVI aUaIJI 2_ bljjJI (j-"Lj^ ^-^J 
*w n <? n 1 o^— > < (1 — 60 ) 4JLjj9J CfCiLuj ^J\ BJl3^IjJI 4j^jJlJ| a t an n J ,i>rjj ' * * L&jljuLa Aj_^Ij 3j^Ijl!I 
^LSTt^ e^pJLl a Haiti *£_. Lof .^j-lllJI aUaIJIj AliaJJI (jufc (jrA+uJ dJUjJ < (1 = 60") 4_uIj (>1lu ^J\ i2-jj9JiJl 
(jLjJj ^71 L*jIjl1a AjjIj Sj^IjJI da-pta ^^ iioL^aJI BjjJlSI jisLu ^p- (fad) (jLjJjJI 2JL>.jj LjIaP' 

22 

.^j^l Jl!I AQaJJlj AUaJJI I Jufc ^3-luJ i\7T ~ )Lkj*iaj9 j 3j^l Jl!I da_pt4 <j-Ij i-uj^lJI 4-llujl1 I (^^-ATT *^P* < 

Lji_u (j^ILuVI (jO^^ljtJl (^JlswI A|jiitIL_ul ^j^sl^j c L^ljjJI 2_ e^p-ll J ^j^JL>ijVI (j^oliaJJI (j^j Jj^tltiJ j 



x ( ) (j^IjlL-oJI j^jlZLSL 5-jjIjJI — (^jLjij) mJj^I jl!I j^jjl21!Lj aj^IjJI 

360 



X 



2n 



(^jLjij) (Jj^IjJI j^jlZlSL ijjIjJI — ( ) ^ulcJI j>jjlZl!Ij ijjIjJI 



To 













.(^/(^-^) &J^>*J aJl5c!u_uJ (JJ^pXI ALkaJJI (j^^ i 4-aJustIu_uXi CjiJl^jJJ UL_U 4_U_ai^3 ^ U«~A (J^-Jtl (j-uLjjS <>Jt^J 



Sla-LuiJl 4JL2JUI 1-2-2 

L^jIa-< ul^J v j^~" > ^ j Lt^' ^2-2) J^-^ lu 4-La_u_u_Jl 4-12-1X1 UlJjJu j^uI/LlXI (J-uLl2JI CjIJul>3 da < gjj ^j^c 

o^ljJs JllC j 1 ^JLc 3Jljj>iJi pljjJi ^_ 4j>*jJl!i *_jj j ( 2 «^»* ^Jl J LgaJ 4_u_uL_uj>iJ CjL>*jJl!Lj LjIjjJI (J-uLjj3 

(j I c^JuJLl (J-1-Lt.u (jA*^ •(J-^Lj^J' (3*"^ J^ 3 ^^ ^Jj-t-tTti-l I 7c-La_<_ul ^j-a vu^jlm {£) (j^- Jl^sQJI ^-^^ / 4-12-1X1 

3-) J^uUl ^jjj .Us ° = (lo - <U )°+ v ° : ^ i]L>j| „jui> ^_ i^^^JI ^Lall **j5 uj^.r*> 

.Sloji gjJI 4JL2-UI 4 H miI^J Bji^iwLc 0£.|jJ9 a| Jl5cIL_o1-J (( jr 2^j| ^gjlxjoXl (jr^- ^JLtfoll 





o^i^yi 






113° 




ol- 


~.113°-90°-- 


r23° 


ft~- 


:ie0°-113° 


=57° 




0°-780° 



JjaJl i*ki 



.4-Laj-cojJl 412JXI ^UrnljJ LjljjJt ^^J^ : (^"2) J^ 1 




JUnnitl a^UI :(2-2) J^ui 



ri 






uULcd 







£)_rt i_u_uL_u Jl LA^lj^l ^jj^zauJ J 4 k>j uaJl 4-L2JLcJu 3jj_LalLlj ^JL^auI/ Jl ^Jt^J ^Jfc ibaLfuJl 4-L2-IX1 



12 



^ - 



30 ^jlj^ o-"^ i^bo j^^M ^ ^n n Lqi-u 45 ^jlj^ o-^Lj^ i^L>ij L^t^ls jl^ i ^ gj h j ^jlaJI ^>L>oVI 







a^LfiJI 4i2HI :(4-2) J^ 




.(5-2) J^~*» MltL) (J^-Ld J-A 1 0^—1 JpLSjlJl 4J.4 lj rtj^ 4_ojjJI (^£- C^J' tL^J 



^ t ^ j y' ^bj ^»AXji 




35°35' 
.4JL3LUI 4JLSJJLI 4U>m1^j UjjJl S^ljl :(5-2) J^- 



rv 






uULcd 







^j-uLlSJI ^-^j^ B^ljJa jJlc ^LpjVI l-cj^ijj .4_^iuu3 4_*iLi ^-^~ \) * ^~^ & <L-uu[2X\ i-j^ljJI 4-^9 jL^Iol 1^ i^-n <n 




ami 



— ■ ! 

.iloLAJI 4jj^-^jJI 4-121U :(6-2) J^— u< 

UjjJI j^LiS cj( jjLJtxi 3-2-2 

J .5JL5LX1 7r U < « J I ^Jj (J-^5tilJ Ajlielu-uJ ^-H J LljjJI (J-"LjS CjljJUStd (JL^3 mi) ^J-A JuJutJl J^ljllj 

CJlJ a) JU5tJ_<_uVl 4jU_ulJ (^J^l Lj'JJ CjI JJL5Cj<3 I tiajj J^j3 I 3^3 .(/-2) J^"" 1 lL ^_ cA^-a J-& 1 ^^-» 3 JlL-^_a jl 

.(8-2) J^i 4. i^^jJll (...U.'i.H 03I3) ^ro °j < (^jl^JLI i^ljJI) ^ • ° 




i^Uil^jljJhCV-X) J^=u 



rA 






uULcd 







.CjVjJLfuJLi (j^aju ^j^"*><» ^.Lal Jll*2_$J 4_**jL3 cla-xxo ^J'J J ' / J ^dL9'J : w _ 2) J^aul/ 

.4JjJlA11 (j^seJ* 4j9J ^WP ^J^ 3 filial VI i^L>- ^^ 4j 

LIjjJ) ^ju/LS c-JIjS i-T-Y 

CL_p^ 4 ((9-2) J^"" 1 ill) UljjJl CjL_uLSJL jLU_UJ3tl^3 Ajlitlu-UJ J ^3 (lJ| <Lji_uL_ul J 2 J_rfl] I ^J_rt C-J l^jS ^Jt 




LljjJI ^Lj^ ^Jl^ :(9-2) J^=u 



r^ 













(°) ia-jj ^f t o^ o t r. t £o : ^L3 gi^ ^j)^ ^ 

Oijiis ur 4 o^o,r. : jjl: Lijj,, ^ji^ ^.^^ 

*_La->ij («I<j i^uisiM Ajjj^ia (jyji^ 4 4_LuLa Aj^'j (_yj[jual uljjJI (_JI^J9 *_l*j*HJ (JLLSj^Js tiJLok j 
AjjIjJI (jj^aj <UL>JI oJJb 2— j .Jls-Ij <_JIjJ1JI x_uu>J jJjU.1 7c-La^aJl (J-ia oL>ijl tjJ ti -~ 'J Cj>j (_JljJlll 

j ^ < im*jJI (Jjil <>L>ij! ^_ <_J!jJlI! LjIjj f-j-ajstd ^j^ 1 i3>^' o^ 1 ^jW^ 1 *d$'j^' ds^ 3 ^ cr^bJLj J ' u^*. 1 ^ 
.(10-2) J^i,t,tL j^al! JLU! ,>» urO^j^l l-jg-, gr.^M j .j±M\ oUJ^I 2_ Llj^JI g^*** 




: Jli> 



Jli- 



^0 o -5°+20'-J'^25 o 77' *75° + 5° + 30' +30" + 15"= 20°30'A5* 



• rjiaJI J iaLaVI (jTLflj^Iaj NjjJI o«Ll3 <_JI_jJ3 ^IjlieliJ :(10-2) J^a ui 
<JjL-u j (J^jlA ^P^j^c ^Jj L^^ J . l^oj^ -^L^i (jr^^^ 3 4-jj \ La t> I AjjIjJL! i_j!tJbJLl c-imlil l-jLlotw CjL^L-JLI 






uULti 







Aj^IjJI c^t-uv c^ujuaS 1-3-2 

JjLo gia-caJ (sin = LaO AJjIjJI 4-4^ 4-*-jj9 JujLStl! ((1 1-2) J^aui) AjjIjJI 4-4^ VJ'^ a Jiir" , >ij 

^J ^L^p'J-^ ' til L^-O^ 3 ^ J ^ > ' " A Cy* S-^tJ^^' < « '»! '^** OJ - ^ 3 ^? *lW' ^dL9'J ^-^ C-J LloTw ^j^auqj ^JuJIj J 

^j-a JJlc 4 La t ul^j c Ljj>iJjJu < . cj <>»£tl ^_j^ Ju>*l *-£j ^Uj ^j < ( " / J^"""* 1 r " 4r ^^~~* > ( ; 'J *Ia-£J| ?c-La_<_u (j^lc 
J^la ^j-uLjS icL_u ^Jj^La ^C dJJj ^j_a Jl^sGjI ^j ^a <nj. . LlSM AJjJLaJ, I rhm 7c_u-^aj <j^la*. c^jojLlSji c—uljja 
*-LbjJI IJlA JllC .LoLqj (jr^l rhm J^. 1 fi < «**-a j^jO lil 1^ <ii^ 1 ^j <) J °> d£.|jJ9 ^-LaJU £)| ^-^ao L^' f* *a < « J I 




.4_jjljJI ui> S-4-t^i :(1 1-2) J^=ui 




^Ul 4ii Luy 



AJjIjJI 



j-i^ 4 U r fd^j cUjjJtil (jLajLu-J *4il) <j-°W^ ♦(12-2) <J^=u 



: 4^>UJI ^ (sin a) ijjIjJI 4-4>- s->l ui> j^^y dJLta ^^ ^Lu j 

sina = - 
L 



t > 













( £ ) ^jojLlHI S-Jlj^ f L^j' J <• (*-* ^ * * — ( L ) Ajiitlu-JLl (^c-uia-^il ^^LloJI ^"j ^3 J (>U ^LcJll CojL^j IjLs 



t^llJL^a ( sin a ) lLjjjscJJ aj^Ij < 



j L-arw ^j^-n <)j^ 4^0 37.623 



sin a 


E 

~ L 






_ 37.623 _ 
100 


= 0.37623 


a 


= 22.1° 




a 


= 22° 6' 


1" 



(j I ^>^ 5_u_oL>JI 4J2I aI Jl5cIL_uIj J 



.Jlj UVl ^j-uLjS c__JIjj9 * k ' "^J? tlsjjj5eJLl (jl^jLH-ol ^jlj Q"^^ J^ Ijt^r VllLo (13-2) J^~" > UJ TC-t-bjJJ 



a 




tL^jjJtJLl jUj! j (tan — ) ajjIjJI J^u^ iJl^l 



r ^\^\ ^U tt^iti 



i-#b^ ^y ^-r 11 * 



fon 



2 " 2 / 



.4-tjljU f nVlj AJjIjUtl ^j-oLlSJI c_JI^j9 ^|jlitIu_uLj cisjjJtd <JIj9Jlu_J AJjIj (J-"Lj^ :(13-2) J*^ m) 



ck d,—d 1 

tan — = — - 

2 2/ 






it 













q\-^=3 ljL-3 .ilaJij (jri^l £- L-q^lj j cut t uJ Sj>-Lt-t^> i_u|j_& icL2i L^liwlju ^-ajj (j! Jl>. ^jjj GULj ajl>- (juijJj) 

7rU> Uil\ (j\^=D lit Lol 4 ij^LJ^I < ht^l)* IL. i_ul^JI icLH!) CJjJlU-uI (Lu.u|j jl) Li^l JjLlo-l jljJLl grt^Mltl 

tcjjJlj J^>*JJ J .?e La t gj\ J-^ ^L>ol JljJl>iJ ^j_^=l^j ^LjJLj j J-l^-U 4Jh2j ^-^-\ 2_ iclJLiJl Cjj Sj < «l ^LjLo 

£)-Aj>I<-4 J ^jJ *U4 (J.!) ^Jl (J. (J 3 ^j_A 7-j[p_J i_LJ_uL_tjL>iJ J-fll ^-^^ JLJjL5tI(J i_)J_LJ^U ijr ^jL>iJl 7T H < gj| ^JLc- 

4_jJLjl!I L^iSjlj jLi^j i_t£.j-L!l 0j-& j .i^jjJlj (J^tll ^^ ^,k>*" L^I^aJ j ^.IjTu-uVI chij^J-^ ^-^ lt^^ ^^j^^ 

.(2 



.*I>l^M jl^u. :(14-2) J^-,,t, 





Mitutc 

hi 


BHHHHHH 


Pro 360 


note 


950-315 




m liRiL. BtH I 


D (G IT A L p ROT f FACTOR 



.Lu^jJI ami :(15-2) J^=u 



it 

















.jLUJ ji *Ij2lJ (jlj^u* :(16-2) J^aui 

J_L4J LoJLi^L j .^j-uLl^JI (J-^'J <— 3^-C- (j^ic- c1x_lLo (J-ab* Lt^- C^-^JJ L^ tJaJU 4h < "I^J (Jfr-U-d ^JjJuj (j^^- J^tf-?*^ 
cSjLjlIIi J-;U1 CjIJu^^j Bj^IuLuo J-^i 4— 4-jLS ( jr _Lajt_iJ jL^j>iJi 3j^Ljl>3 (^-^J 4 J_lII 4-j^jJu Ij^uIiLa JujUll jLpJl 




.^jp^JV! J^JLI ^LJU :(17-2) J^=u 



it 













JLsjlL^VI L )^56i ol jjLJtA 4-4-2 

^j^ 3^3 CjI JJusta 4 La < ol^J tiliij < gJ^-^jJI 3 J or 1 j j^jj^jJI JJlc j i_ujjJL>JI c-xjsllltl $la JJulJI CjL^L^Jlh-uI 

.4-OJjLcaJl 



^U^U 




^^jliw J^jlLlJ jjistaj ^jIju-u J^JlL-J JJista : (18-2) Ji 



Jl 



^sQJI ^j^3L4J i^j^laJI ^>Jl^j 



^j-luo^Lj aJlc (j^ic dJJi <Jj CALkijjJi iJufc I £jl£ CjJl>iJ ^J *-Lblj_a CjJl^j lil La) I tiajj ^-kalLLa J^"" 1 JuJ 



.4 uzssjS -*|>K 7r H < gj| J^-n m« a! talul aJlC ^JLjJLj J ^j^^r^tl JJuStd j ^JJlLcoXI 7r H < gj| 



to 













.( j) Jt (!) <>» ^^' Jl^auiVl 4- ^j^' ^li <liiX1 ikxJjj 4^uLlll UjjJI ^jS jjl^ (1) 







I w » ■ 




\ in U 



30 D -30 



0) 



(E) 



4_^jL5clL<_JLl ^jojLlSJI c-xJI^S pLajjl (j\-^=2 liLa .c-x-jj^JI < /j'^ 2U , u )^j d^jj^^JL ^jISjluojI 5jjIj o-^Lj^ ^ (2) 

Jj-ts (jL^a lit 4_aj^UI ^^I—lSJI l-JIjS 4_C j-^j?cj<3 jUiw | j dsjj^tXI ^l^Ju-^l 5_Jj!j l-<-uo») <*_a37.25 

>r . 100(1) 
. r 200 (cj) 

4 *U4 5 — 4-^jLJtTt-L(jLU ^jojLlSJI CjLjIjH r ()) J W^ (j\-^=3 lit i (13-2) J^~*» MM 4j5C_ii3jJLl ^j-uLlSJI 4_UJ^J 4_ (3) 

(2 



jt ^dz\ &\j w°\ j i ^_a 350 — tisjj^?eJLl pL^jjl ^jl £=p lit ( — ) dsjj^5tXI o-^L) ( * '^ ^-£9l3 s-*— Larw l 

.^j-uLi2Ji £.|jj>* 2 4-Aj^UI c-JljJiJi 4-Cj-^?cj<3 1 tiajf ^-SjJ I .<-a_upJI (^^IC- (3-d 120 c ^_^1 80 — jJLl^ J ij 



.*-A 10 — L&jU> (Jji^l C—Jlj_^_J LuljUrnVI L-Jlj-UI J^-^ C^ 'M (3) f^J (jJju^ll! J^- JLCl (4) 



n 




-c^'nTip ll 1 1 ■jn'i llq-cvinll p ilnill rinlnll n T qII 




uLLi 



cjUIjj^I j oIjjUij! 



:i£j^u3 (^^ic- ^jJlill <-^LjJl! (jj)^"\J J <^MI IjlA (Jq^-h LcJu£. 

i-JLUJI ISO cjLL^IjJL Is «U oijjl^tl aIIoj • 
ISO, DIN oli^ljJL UoL o^jj>U 3u^L*Vl cjU-I U . ^U • 

SjlJLfclluLdkta 



tv 







2UJ&1-3 

Jut_w <UjJLcaX I Juul 4_ojl1^c JjJLIuJi oLJU-C (jr^- (l^c5L2JI ^^'J^ Lr^' '^^'J*^^ aA! ^j-^ 
2_ JJl^tTn-ul dJLuk <j\ Jl^zsjJ (jr JUjt]l J-^'j-^ J ^J^J^ Laltl CjLoj^_ujJI ^l^. 3jJu>JJ LfcjbuV < L^jljJo^j 
(Cjl3Ij*j>iJ z I jl) CjLjjLajJi (j^aju -ij^J OJ-* J LcL^-i (i-t»mVl Juu J l) 4 j o j o < *aj 1 1 ^Juul ^j u-dJu /^-llli *_uj^aj 
4j9Jl!I aJlc JIHI Jrh?-^ (sM- W^° <^Lalj^oVI cdlj OjJl>. JJ (^JiJj oJuJlc c_jLu_u! dJLufc j . jbuVl oJufc 2_ 

CjIjulII (j\ ^J\ i^L-bVL) .(i-<_ujL-aJI BJijwjJI 2_ ^LlSJI ^.Llaiwj {jjc> iailictl f-l^jVI (j^J-£- J iASLlo /<CLn-u) 

L^jljJLl^J 4JL2tIL_u 2 ^JjJ Llaj>iJI ijjs jljuLc L^j 4 n \l sti, I JjJLiuJI (J^ljwC ^.Lul ^j-uLlSJI £ Ijj>. V 4_aJl5cIu_JLI 

.CjIjulXI dJJj CjI <?<^lj-^a *ufcl Jl^L^s 1-Ag.l hr 1 *uj (_P-!I ^JLujJsJI CjIjjLslIlII (j^+J (j-a ^^ l£>^^ Cr^ 

i_i]jJuM C n a < *a 1 j 3 1 1 <LajLLa^q oLseTlLU 0JlA £)! LtLia * j 1 1 *aj 1 1 ^jL^auo £>^ J kaJJI (j-^Ju ^jL^auo ^1 ^_ oLssTlLU 
CjjJl>. ^J I dJLti ^J? VI j |ji>. 4-Llll>> -*JJl>. 2- Cj|jjL?tILtl ^>JlA ^uS (JJ)^" U' ct^^I (J-^J -l^J^ (3^»' 

(^.(AJ dJjJu c^jL^Jji /^-uJLi £j£j)^-*iu ul>3 l^tj<)^o ^jj £ijj>*| £yC 3jLlC Q^^nJ 4j?tllll *_Li2ji ^_kajL^-£ .4_L>*I 

4_^_JL_u i^j^l^j (j s> t j 1 1 t <g < ^> ^ 1 j-a < . ( ^3 [pj (j^^ ijstiLill %j^2i\ jbui (j^ (?t^jj! j') (3^^ LdLiA (jj^^j o' 

^j-^ JuV jLju 2I CjLjjLijJ L^j t-j-o-l(jlU r^J-^l (jr^- ^—^H 1 -^ q^~^ ^ J -(J^ OJ^i J^^^ ^-1-Sl L^ILa-ilaj ^JJILt 
^j 3 j II ^_ J^-u_u Lo I JlA j CjL^Ijj VI j CjLjjLalLtl (JL^c ^_ 4_^JiitIu_uJLl C n ^- 1 La * ^> 1 , 1 (j^aju (^^J-C jjl c^juJI 

(Tolerances) uDjUDI 2-3 

4-LtduLtdu! CJLflJ^JU 1-2-3 

CJ J J.t-LU-<y.U CjLJjLfljJI ^f-3 JLJjL5tjJ 4_AJ^U| CjLjLl(jL>JI ^. lj^ 2 ^j-uL_uL^3 i-jJuJI OLflJ^JLlJI Ajtitlu-uJ 

.OLgjj^tlLiI ^JlA ^JjjJlc ( 1 -J) (J^~~*» TaJI tc-aJdjjj i \ £ <) j <) < ^aj ^ La I 
I j| L^x. j taJLtl (j-^-JU c (Hole) c-jj SMI Jl^! JJw| J cLa^jjj c-jjIU^a jjjLLnLfl ^3. J^s : (Shaft) Jj-^jlJ| 

.4-^jLlJ.lU CjLl^lijlU 

.iijJLiJLl 4j j^jL^j ^£Jl1I j ^u-ujJLj cAj-II (j-uL2JLl j_a ;(JM ) ^■<vmVl ^^uLSJLl 
_ tA _ 













G = N + \ 
. jl*_JL1 ^jVl j ^^^1 jl>JI ^ J^=3 U^ :(jIjJl>JI (jIjulJI 

<(J"\JJlJ>J| ^jjjLJlJJl (J^-i *_ dJ (j! C-X^iJJ 4 4J J-t-LU-j I ^j-ul_l2j 4J-X-L3U ^JJ>l± (^jJI JULjJl J_& t^ 1 ^ ^1% At) (ju/L2Jt! 

*:</<g 



T = G-K 



T = A -A u 



:jl 



t^jLUl ^JJJUI (jLlaj ^pSj^jLu-U aJLLcuJI CjLsmH f^U TC-LLbjId J 



/^ ^+0.009 

r z;) -0.004 



^.ftl CJjlijll 



G = iV + A 

G = 25 + 0.009 = 25.009mm 

^ = ^v+4 

^ = 25 + (-0.004) = 24.996mm 
24.996mm < / < 25.009mm 

:( 1 ) y'j^-coX I CjjLdjJI Lai 



M 







r = 25.009 - 24.996 = 0.013mm 

r = 0.009 - (-0.004) = 0.013mm 

j a tal] c^i*J 4_ll.jJJL cjjLijJI cjLSLLaJJ 4_u_uL-o2J *_^ljJLl J T u-4J 2-2-j 

j A^ti ,U^ J^ iftSljJI CjLsIj^oVI .(|Ltni ) ^jjj^zaLjJLl SJ^JJ CjljjlilJI *uS (J>>^aJ j .(2~3) J^3lAJLj 
.^JulAJI j ^lu^I ^jJjijJi c_jjL^jj ^JuJu j < j^jLl^Ji Lkaj>» (^_uL>* (jr^- ^jL^Jl J^LIaj ?-^J LoJlIc (^ 

.ji^=3 j| eAc rj^ <-»tl cjjLojJI jl juL^j VI ^-^.(-o VI jlajJI ^c 

CjVL>JI 4- ZLtajtJtl 4^j<a uAI olJjUlSI oL^LLaj ( j r ji jTl^-iULj K ? G, T, A U9 A ^_mJI c-llu>1 : Jlla 

.a>» 60 = (N) ^r^-uVI jn_JI jL Uk c fu-ujJL> i^t^jJLl (o) (J| (a ) ^ 



* 







Wf -__ 7 SZm±lf> ^£3, 






-jff 



f g h —L—-h478 



' j-yfTP V 



55 -ssa?ff -^^-e^ 68 



■wa-250 \sr/xn- 130 
k / m n 

N = 60 mm 



:<jt J^J (Jlitl J^" tylc (a) iJUJI LilU ! jlia 

G = 60 + 0.024 = 60.024mm 

^=N+A tt 

G = 60 + (-.005) = 59.995mm 

r = G-£ 

r = 60.024-59.995 = 0.029mm 
= 29/vm 

r = 0.024 -(-0.005) = 0.029mm 
= 29//m 

CjjLojJI CjLSLLsj *_t-b1j_a ^j_a (r-) ^j9j *-LbjiJ JlL^J 4JL>JI 0Jl& £)! ^£1 c 1 o g mi *JL 4_j1 ^^ ^j-ul fl ott ^jj J I 

j a laII it^^t 4-lu.uJLj cjjLalJI cjLSLLaJj a-JLu^aIJI ^-Lg>tjJLl j-2-j 

^jij_^3J £)! (^_jj>iJ ^j ^-— » 1 J 1 tiajf ( l) *— t-bj-d < . i \ LajJ j^>- I (J) J J LaJ ^_ j .^lu^I JljljJj LjjlJLa ^JulAjI Jljljji 
^j j c 4— tJuj^Ui c_3 jj^jkJ u L^jjI J^J-£ ^J'J *^.aj *-Lblj_d JuJl>iJ ^j dJjJu .^JlcLlLc ^luVI j ^JjlAji ^jjJjljji 
. (3 _ 3) (J^~"» MfJu ?c_-Lbj_rt j_& 1 <>^-i c-Jj rt j 1 » cjjLi^n )) j 3jL4-C^U B^JLl^ji (—Sjj^j^i ^)^a-L^itJ £)| (j^ic JjLdJ 2 1 

V UaL j .(za, zb, zc, ZA, ZB 9 ZC) a j^jJll ci>jj^>JL Lcj-^jli r,\^- <«\ j L^ljiit^ul 






uULcd 







^IjJLI jjuc J^j ^u ^j «^ lO^i-^VI jli^>UcilJjj(js 9 fg, ef, cd, JS, FG, EF, CD) 

.j^jLl^Ji daj>iJ 4_L<-rjJJlj uu-bj_4 Zo /yj 4-JLu-^iajJ I 




.c-jjJaUl j 6ji^-c>U cjjLilil cjL^LLaJJ 4jij(^^ll *_^ljJll :(3-3)(J^3 ti 

CjI <Lu-Lajj| ^_ C- J U 1 1 * A C_x <-uLZ^ <■->» JjLajJLl pj °> jL_jjL5tjJ * <_uj| (J I 5Ej<3 lLII LA (jj_^3J ^— IL>. j 

Lfljla 4-4JJ ^jjj utC ^Jl j^j-^Ji da ^t 4_<_(_(jjJ La 4-jJLlj-^^jJ I *— t-bljij pj t u-Sj ^J JlJl£ < 4 aJuieJL I 4— i^sljj L^3l_lI I 
olJLulalSI j^*< 1 ^ Laju (^lI! 4 £sLt-bVLj 1 8 Jl 1 ^j-a jl Ji^,VLj <— c-JjJI £JiJ J-^J^ J c ISO CjLI^IjJL 
CjjL^j jl JlJLc JljJl>iJ ^j_^3l^j V 4_jI <^-jl>. j .^jojLlSJI c_<JIjj9 J-ILa ii_u_JaJI CjLjjI alU r-LlL>iJ (^P-ll 4-JLj9Jl!I 
) (j_A i_U5j_ul Cj VL?ta JljJl>»j *u JlJl3 (i_U5j_u VI jLjuVI £)_4 ^L^jV JJt£. J^>.jJ) 0jo* (jr^- (jr^-" ! t -* Jl ^ J^~* , l 
4-X^qj I CjVl_j?t4 Jlj>*jj <JLHJ (j-u— f-u ^ U^ .a| Ju5eIL_<_u VI 4juL luJI 4_ua^_uVI jLiuVl 4 ^daJuJ ^_a * * ^\ ^_a 

. I J^l A J ^_4 1 O (j^L^ ^_4 1(J ^J_A J^^L^Zsl 

I Jl_u 4— lqxju I CjVL>JL dJJjj *_A-bljJtl (j_A 4-J-LtJ BjJolJJLI 3 Jl^C^LJ CjLjjLoIlII ^_l£ ( 1 -J) J (JjJu>* tc-l^jj j 
jL^ILcl (JjJu>iJI ^_ 31 Htjl CjLJjLflJjl r^J-S (J--3 7r tiajj j .lovJ CjLLi^>lj_4 ( jr lc ^1-9 ^_a 1 OU (^>- J ^1 ^ (J-^ 
.a| jLJtTn-uVI j^yQ ^DjJul L. LL(i> L&jLlL>*I ^Uj (^P-llj 7"J-<^L(jlJ I CjjLflJjl 4_Uj J ^-^.f-oVI ^jajL^JLl (jL?e^ (jr^ f^J^'' <^J-lj 

IJlA (j\ (J"^>» 4r 4 (J LJ> ^^ i^ 1*^ ?A^ CjjLojJI jIjlLo £j] Jl>»j £ 1I5 CjjLoj ji ^_a Z(J = 0j*iaj9 ^J-4^- Ljiiw] |jli 



or 






uULcd 






ISO 




LH» 



I CjLjjLojJI *uj9 ^j-^ ^—4^ cr - ^ LSj-^! lS^J (^-3) <JjJu>JI Lo^j^lL_uI lil r-lToTn-uVI ^j-tiiij 
.3jl^>U ISO oIjjUj :(l-3) Jjjl^ 















(^_a) ^j^uuX) 


(j-uljm (JL?e-4 




6- 


3 


6 


10 


18 


30 


40 


50 


65 


80 


100 


120 


140 


160 


180 


200 


225 


250 


280 


315 


355 


c^ 


6 


10 


18 


30 


40 


50 


65 


80 


100 


120 


140 


160 


180 


200 


225 


250 


280 


315 


355 


400 


( j j^j^-~ i <^) t-»njlrt*t! 


el3 


-20- 


-25- 


-32- 


-40- 


-50 


-60 


-72 


-85 


-100 


-110 


-125 


f6 
























n 
























g5 
























g6 
























g7 
























h5 
























h6 
























h7 
























h8 
























hlO 
























hll 
























J6 
























js6 
























k5 
























m7 
























n5 
























p6 
























r6 


+15 


+19 


+23 


+28 


+34 


+41 


+62 

+43 


+51 


+76 

+54 


+63 


+90 

+65 


+93 

+68 


+77 


+109 
+80 


+113 
+84 


+94 


+130 

+98 


+108 


+150 
+114 



ijt-uia c-r-t-uLuJ L^jLjIoJ *u (§6 5 n-6? I7J S-*JljlL<3 CjLjjLoj J J t-Ljj>iJ J>j) <i^ (!) (4-3 J J^~"» mi cH*^ .tf-^jJI 



©r 






uULti 







4 <?jP>jJL! L*_u dJJi j vw? -H-13? rlyj j^VI ^c eJiJtL>ij CjjLojJ TrLl^ l(g * a ^=* J 4 h 1j ^a jLLajaU c_jj_dILll ^j-^ 















.L-ijZu ISO 


CjLjj 


Uj : (2-3) Jjj^- 
























(^) 


^_^_oVi (jujijm (ji-« 




(>• 


3 


6 


10 


18 


30 


40 


50 


65 


80 


100 


120 


140 


160 


180 


200 


225 


250 


280 


315 


355 


Cr^ 


6 


10 


18 


30 


40 


50 


65 


80 


100 


120 


140 


160 


180 


200 


225 


250 


280 


315 


355 


400 


( j j^j^-~ 1 <^) t**«njlA*it| 


E13 


+200 


+245 


+302 


+370 


+440 


+520 


+612 


+715 


+820 


+920 


+1 015 


F6 
























F7 


















+50 






F8 
























G7 




















+17 




G8 
























H6 
























H7 


















+46 






H8 
























H9 
























H10 




















+210 




H11 
























J6 
























JS7 
























K7 
























M8 
























N7 
























P8 


















-50 




-62 


R6 


-12 
-20 


-16 
-25 


-20 
-31 


-24 
-37 


-29 
-45 


-35 
-54 


-37 
-56 


-44 
-66 


-47 

-69 


-56 
-81 


-58 
-83 


-61 
-86 


-68 
-97 


-71 
-100 


-75 
-104 


-85 
-117 


-89 
-121 


-97 
-133 


103 
139 



oi 







(Fits) uLHi#l 3-3 

4Jj^m) J^^-nj ^JuM ^jLOJI *-jJj-^1!I !ju_A jLlLcVI £_ LjJtiw! |j| CjL^IjjVI 4-l<va! *c_JajJj .CjL^IjISI 
?7Jj^j (jl ^-^^ La f n^c £— 7^uX\ J>j-$jul£ . 1 ^tj LcgaJ (jL^3 a ^c jJaJJI (j^Ju jLtiul * H^ (jr^- (J J < ^> >«J I 
Jj^jljM JjJu (JLj) L^jJ 1-AJuJl>iJ J^jL-uJI 4 rtjfcjJI ^jLjJJj da>J J^' *-Llo_4 ^_ TtlLitl J-^j^Jll *-«a (c-^s^j) 
l_*_u dJJi j 4ja-U < «a jl 4_u|jU < «1 Q^^nJ ^jl Lcl CjL>*Ijj VI J .((JL-il (J-u-t-u (j^^- (J-^^ 5 *" 1 -^ 4r J^-*-*-^ L^J^" 1 ^ 
j i_u|jla_<_u| 9rhnii CjIj CjVj.t-Lu.il UJ^~~*»" i_o I jla_<_u j I CjL^IjjVI (j^^ .JjlAJI x Urtt ^_<_uJlLJI J^~*» Mill 
^^ (jIUj^ c AjjTlcu.^ ?tUmiVI Cuj[^=3 I jl La! .(Hole) c-Jfill J (Shaft) Jj^jlILj ^jL^jjJLl jUj^JI (jr^-uJ 
Pj-lloJ Ij-kiJ J .( jr ^jL>JI j ^iiwljijl ^j>JIj ^jllL^jjJLl JjlAJI h + lv^ ^-^-cxiJ j t?rUi(iU TT^JIJ *^ J^-— » Mill IjlA 
oJufc 4_l£j 2_ Ifljlf jj^-^lSI ^u-u-ui i-t^LjuL^LjII CjUjjWftl (jja jJ^=a3\ 2_ A-uIjUm)VI CjL^IjjVI 
CjL>*Ijij^U 4-^jLcujC ojj-l^j I tiaJl tcJLl^j i_u I jla_<_u J I CjL^IjjVI ^C j^3Jll<_u La £)| 4 ki3»^l a •^ c 3 Jl^jJI 
j < ^ jJ 1 CjjLfljJI LaLLaj j ( Jij-^jlJI jl) c^-^jjj ^-^.f-oVI j U^ti ^_) ^-^>iJ J^J^ PT'Jl) * ' (Ji J*^^J J ^Lgela-uJLl 
CjjLoj (JLL^j 3 (^° 30 ~ ^^^-uVI L$-&j^Laj9 -*>*£• J <— c-2ll rljj^l (J' (jr^ (|) 30 M9/I5 j^ojJLb .Jj^JtJl 
J < jr t^> jJL>J I TrljjVI *plj-»l Aj^Lj J J CjL^IjjVI *\\t u7n (j^—y OJ J .I5 Jj-^JtJl CjjLij (J^- 1 J H9 c-c^Htl 

(Clearance Fit) ^^bWI %\£l\ ( i ) 

1 g Lxj ^^jiiw L^jIj J^-J^ da>j c-c^jJI j Jij-^jlJI ^yA ^\ ^n t CjljjLalLtl J^Llaj jLjIiwI ^uj pJ-tJI I JlA 2_ 
j-A 1 0^-^ 4jJl>JI CjL_u1_SJLI ^Llaj ^Ji^lj ^J (j! 4-^>^ Lt^^ ^.JLjlAJI CjL-uI ^?oU A \^-*i <j 4 /<uS ^1 Ju£. 
^jJI) CjjLajJI CjL^LLaj *-Lblj_a jLjIo^I (j^C ^-^jJL>JI jljL^o lJlSjjj j ,(!)-J) J^—' uJu tc-l^j^c 
Jj-qjlII J (M) CjjLilSI ^[bl* l t l2u}\ Ur 1 IjL^ .G-j-J&ll j Jj-4JtJLt c_> j I U t, I a|jl5cIL_uVI ^^1^. Jl^Iuu 

^^jJLiJI ^jLb c (Cl) cjjLoj (jLLaj jij-^jlJI (^Uic \ I jl Lcl 4 Ij^Lt-t^ (jj^j ^^jJLkil ^jLb (I) cjjLij ^LUj 

Z^JLjJL^s 1 o^jLl(jltw ^j^3l4J jJLl^ I I Jl^ jl jf^nl I Jl>^ ^d(J ^jl ^^jlieJLt ^j^—> oj<3 
(jjj[2X (j^S^\ JL>J( j (Gh) <— l2UI ^^Lll ^^icVl Jl>JI J^j JJ>^jM j-A : (Cg) ja^aVl L yajiJ>- l l\ 

.(K s )jj-^Jt]| 






uULLd 







(j-uLal ^^i^-VI Ju>JI J (J^-h) V^ll (J-"L2l cr^^' J^>JI (>V c3>^' >^ : (^k) J^oVI (j^^liJl 

.(G s )j>j-qjl!I 

C k =K H - G S 

: 4j9^L»JI ^j-^ (if) ?r(jj^( 2_ 4j 7-j-o-l(jlU CjjLoIJI l-jLlotw 1 tiajj ^j^au^j j 






J^X^^ 



^ 



■ft 






v////// 



^J* gUjt 






a r * 






Ck = ^J*^ j*-* 1 



(Interference Fit) ^UIll £tj}Vt 

>^^! ^LiLa ^gi -*>*£• < ; f j^tP ^j^j^ £yz JjL_uj ( j-ajlII Jl j-^Lp^ j^ j .(6-3) J^-> ti 2_ 1 o^-> 

(j nj^-n 11 (JllUl ^J-U-t-u (j^iC- W^ 3 lSL>^ 3jUU dJJj ^I(J .jJLl^I qjjIAjQ ^J L-u-gJ J^lJ (CjjLdJJl jlJuL^j) 
(jj-^jl!I Ju^lIj) JJl^jJI J (( jTfi 1 1 (j-VJe-L(jLLj) L yu\ q^-tj Vb ?rljj^?l i^jj^Ls j (j (\\^-i a 4 U m«I^j ^JjIaJI 
j J>j-$jtij BjLlieJLl CjjL^jJI CjLSLlaj *_t-bj_4 (j^^- (Ji'ij^li jljuLc Jl^Iuuj . l_*_a JJl^LSI j ^1 o^-xjVLj jl 

c-uL^ lil Lo! . [;-t-t.^> >tiw|ju ciUi ^ ^ jj-caU (S) j c-J&iXH) ojUiJI <j\^=3 liL^ cc-^lSI 

CytAtll ( juilii ^jVl JL>JI J (G s ) J^qjJI ( jujLSi e^^l JL>J( ^ ^J^' J^ : (Ug) ja^aVl Ji^ljuJ) 

•(K H ) 



(M) 



on 






uULLd 







( juiliX ^^^1 ju>J1 j (K s ) j^qjtJI ( j-t/Ui ^jVl jl>JI o^j J^-iJI j^ : (Uk) jJL^Vl J^IjuJI 

.(G h ) 







uk - J^-^ y^' 1 

(Transition Fit) ^130*1 gli)?! (g) 

i >tiw|ju jf L^^JLv. La| ^jLlSI (jj^J ^P^ Jj^aH J L-oalU OjUlSI LsLLj fjJJI I Jufc 4- J^'^ 










.^Lsttl ^IjjVI : (7-3)J^. 



:JH. 



•?'iJV 4- ^ r>o-».u.ll ojUiJI dUJL^s j Ck j C g <>a M^= (-clujwIj (()30 H7/g5 rljij^M f$J -iJ^x 

:oi J^> (2-3) j (1-3) Jjj^^jJ^L 
A =24jum , A M =0 :t_c2iil 

A = -9//m , A = -25 jum : : jj^jtU j 



eV 







Z^LlIL^ Cr i^s_^L>JI r'jj^Ll i^sLkJI O^jUIl ^jLJeTL^olm 



G = N + A 
G H =50 + 0.025 = 50.025mm 

£ ff =50 + = 50.0mm 

G s = 50 + (-0.009) = 49.99 1mm 
K s = 50 + (-0.025) = 49.975mm 
C g =G H - K s 

= 50.025 - 49.975 = 0.050mm 

C K = G S ~ K H 

= 50-49.991 = 0.009mm 

T f =G g- C K 

= 0.05 -0.009 = 0.041mm 

I JlA .^pDjJul (J-oAj ijjQj L-U-^JJ I J Jj-^JUl ^j_4 J^3U CjLJjLajJl £)_4 (^J^l TT'JJ' J4J-^' U^"""*' <) U O-^J 

Jj^jlJI (jjuLuu] aUoj 1-3-3 
IJufc *_a /TJJ^ Lt^' S-^J"^' ^-^^^ J*-^* 3 *1 *-jlojJI JllC Jij-^jlJI CjjLflJ CL.ljl.Cl1 s£u a UaJj I IJufc ^_ 

:q] Ju>o (o-3) J^-> M( ^j jiklSlj j .c-c^lSI Jiwl j Jj_$JtJl UJ^3^J Ju£. C-J j I U U 
_ ©A _ 






uULLd 








j 4_i£.IjjJI oVVl^a * La 3 1 , | iblj iL^la oJl^X.! ?:^j>iJ l ^\ CjLcLu-^JI 2_ ^ltx;tl )jui> aJlJeTlluJJ 
£-1j^>*1 3jLC 4-ii^. i j^-iju* CjjLdJ li lj^L>. ^J-^^- (^"3) J^—> Mill (1?^ J .^jIjLjJjIj 7r-JLi.ali\ Cjl M^iLo 




R7 



F3 






J7 



/=•<? 



M7 






*> -'° iWM -25 +6£ +U* +6£ O 



25 +64 
-50 +25 



-11 



+ 25 -25 
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.i_u_uJujJI CjLalj^oVI jj-aj :(l-5) JjJ^* 



■ DESCRIPTION 

7SmrrV3 4 
IOOmm/4 11 
150mm/6" 
200mm/e" 
225m m/9" 
300mm/12" 



DESCRIPTION 

75m m/3- 

1 0Onfim/4" 



STRAIGHTNESS OF 

BLADE EDGES 

GflAGE A GRADE B 

4jirri 
4u.m 
4um 
4iim 
6u.m 
Burn 

FLATNESS OF 
WORKING FACES 

GRADE A GRADE B 

2um 4pm 

3j.m Gum 



PARALLELISM OF 

BLADE EDGES 
grace A gsade B 



8pm 


5pm 


8pm 


8pm 


5pm 


Spm 


8LITT! 


5pm 


8pm 


8pm 
I2^m 
12jJLnn 


Bjim 

8pm 

Slim 


12^m 
12pm 
12pm 



PARALLELISM OF 
WORKING FACES 

GR*JEKE A Gftrt.DE B 



J^Jdl 


>>" 


J^Jdl 


> > ji 


(Parallelism) 


^ 


(Flatness) 


/ / 


(Profile) (of a line) 


^ 


(Straightness) 
(of an axis) 


(Profile) 
(of a surface) 


^ 


(yrU,ti\) 4A\7Tti<t)t\ 

(Straightness) 
(surface element) 


( Circular Runout) 


/ 


(Roundness) 


o 


(Total Runout) 


z/ 


(Cylindericity) A-/ 


(Concentricity) 


© 


(Perpendicularity) 


i 


(True Position) 


§, 


(Angularity) 


/ 



3.5^i m 
3.5prn 



1 SOmrn/G" 


3^ m 


6pm 


3.5pm 


2QE)niin/B" 
225nllm/9 l, 
3O0m m/1 2" 


4u.m 
4jLLm 
4iim 


8pm 
Sum 
8pm 


5pm 
5pm 



5pm 
5pm 
5|im 
6|im 
Sum 
e,um 




. LljjJI (j-"LjS CjljJusta ^iaAjJ 4j^j-4-<-(jlJ I 4_u_uJlLJI CjLjjL^jJI *uj9 :^3"Jj J^— » mi 



AV 













jL_lL>*I 2j^_^>*| 4-La_<_ul^J (* ^J-!' CjL_JjL2J I JL_C.) L^JJ^U J^Jl cuJl 4_J_<_uJlLJ| Cjl—JjLfljJI ^j-uL_lS (^-^ 

^^LloU Sjju>Jtl 3JLiaJI <Jj-L» <J^L>- (j-uLHI Tcia-caJI ^£~ dJjj5elij (Stylus) <jj£j j^Luilu-tJuo j^>-j ^^i^- L^L^ 
j .4-lj-uJlI^I 4-jJjjLqj (j-uL^ -^,>-ll g-k <-^l cAy j ^^-4^ MjL^i' (^-^ tii-Ji j < Jl^ll lW^ ^^-(4-5) (J^aiui 

jL<.a.a g-lcJu-t-ub ajJLi^ jL^j>JI 2_. dJJi ^JjwJlj Jjjp_L(.L<v (jL^3 ljL-3 i qjj\J&X\ ?c k> < all J^-^ ,^t Ljt_u ^ji^.jJLI 

4 ^3JJ>» JJl^t-i-t-u ^JlJI J LloX I (jl_3 J J ' "' (j-uUltl 7c_La_<_uJl q\^=3 lit Lol C ^^J-ujlA (^JU^juQ •*■ La uA i^-uuJuJt 
0j_& oj^Ldua ^U_J J .^j*J>* 2 1 4-j_t-ujLuJ) (JL^3L_tI/ 2 1 4 J-2^J i \ ^— i A j i ^j|j_La_<_u| ^ % ^J a 7" La uJ ^-t— uu-coX I 
(^1 ^j-A 4_jJliw ^jj^zaJ jl ^nJ t 4_j_<_uLjS 7c_La_<_ol 4-La_<_ul^J L^_<_uLjS 4_£J ^j^c Jl^sQIJ 4JjJ-i CI >[p^ ^^^ic oj^^VI 
lit LujJjj 4jj^Llo ^jj_^3lJ ^jl 4-<^>^ cP-'^ CjUIj^SJI ^^3^ J J^^^ Lr^ I ^JJ^~V-^ (^-y < 4_u_uJu-A CjL^Ij^kjI 






;T 






if^LJ — 1 



-j» 



jJl^\ cj\2j\Ju!\ (jujLjS i^jji^J ^^.uL-uVl fjuJLl :(4-5) J^=3ui 



4-j>Jul>3 J clal £~t V 4_jjj^IL^3lJI 3 Ju>^j (jt-^- T 6 ' ' jLul>»| 3j^>*I ^jIL>iJ c j^jluIoIu-u-^JL! 4-£ui» 2U J 

3 j^ jc^jj £* Im^^I ^^ (>» ^Ijlj^l ^>-t (5-5) J^-imi l>^>^ j .(Teleround, Roundtest v .) 



AA 













.*ua 1 .6 ^J I *ua 0.25 ^j_a 0j W^ t-jIjILj j c c3jj^ CjjSLJI 3 ' (j jIu^jl?cJjJ I jl Jluj^3lJI ^ya * LuaJ J < 4_i_uLS_tl 

^^dj^ju 1 <i^-i i \$~r La r «1 CjLjjLaj ^jojLjS ^.LJjI * KM! ^j_a oJJljlLo (JL^a mi I (jr^- iilLcl (6-5) J^"" 1 t!u (J<-£ J 

.4_JUjlJ| l1>1 S-uIaHJl £j-a JuJjtJi ^lajLjJ 4 <? Lj V a (JL^zauI/U Cj Ijjuou-uJL I ^j-4 4-4^- (7-5) (J^~"» m* 





.jck^Vl jL^I jU* :(5-5) J^=ui 






lj 

i 





I ^^-^ < ul CjLjjLoj (JojLjjS £.L(JI 4 <? h V a (JL^a uj CjiJ * La_2J 4-LLol :(0 - !)) (J^aul/ 



A^ 







4_aL*JI Cj JtH^' 3-iJukil S^Ju-all 4-Lt^jJl 



a j ^>»V) 0J-& (J-3-C 4-jjJaj Jl-^Iuu j c 4_lj_uJlLJi CjLjjLfljJI ^j-uLl^J ijjju>* ^Luj_cb 6j-fr>*\ \ c<ajT J^J^ J 

£l_l^ 2_ ^^LJI ccLtfujj j 4— Lo £j^>- jii^h)-^ ^^Lsll 7t La < oil (^^-i^. (Laser) jj^-JJI f L*_cu dal <? m<1 ^^^JLc 

J -(J n^—» *J-1) J CcLLu.lt I p Uc-caJ I £c_4 1 <^+J *-— LgjatTc) j1_£j>iJLj ^Jj—c^ J Lt— luTlcu I 3 JlJ^J Aj_SlLb 4 CjL_&L>iJ 2 I 
*cxJ ^ctl i_ccuJucJI CJcbljoJiVI (J\J J <j ii^ntlll J Ccccail £j_*JaJI 4_ccaJ (J-IJ 4j9^Lc lLsLlZccuI dJLtj Juu £c^=au$J 
^j-a_A^Lj ^JcAJ ^j-uLlSjI ^_ 4-dJj*iaJ| 0j_& jL_L$J J .jj^-LLJl p Uc-caJ (j-ul ^-niuVl J CclluTuI £w4 4-lluJj I 0jL& L^-lC 

4 fu) ^jI<jJl^ CjjJl^>J Jl ^Io*i (^ J ^j-ul aX\ ?c-La cuJi (^c^j *Ib J ^L_jjLj j c qjj\ aX\ ?c-La caiJ j*x ucccui> I 

4j Leo La j cLaLLaij ^j-^ icj-(-LoJLi *»- La t ux\ ^j-uLjS JllC 4-Sjj^LaJl 0jufc 4j<a rtj j^^-p J . >JUacccai» I *_a 4^=3L^3co^i 

. I $~>-^ < aJ vJUacccaX I 4-Lu.a^Lo Julc L^Io* j3 LZLcu ^jJ I J 4-L-U I J I jJL I £)-4 



H» 













^jJI j* uiiuiXI cyi-j^ajj (>j>^ o-c tiUi j o^uL2JI >L^d ^ij^V (Formtracer) J^ dJl £_0j Sj^f 



1 Jfl 


1^^ 



^ 1 "1 


hi IT V I Vfcr.. 



.J^uUl^jl^ :(8-5) J^ui 



jujJI ujlij j*Ll3 4-5 

4_Jtiaj9 *§_ 4-J-Lt-<a 4.q-luJ 7t_pe_^2JI *— LbjJI JljJl>iJ j_& Lj-A <—3 Jl_jJ1_£ .CjLjjLoIJI ^j_a l£j^>- jI plj_J j| 4 .lSj ^j_C 

^Pdj^JUI IJLjJ 4_*^>L>* 3j^>*| AjL5tJ_<_uJ dJjJU .4— LlJL>3 i^JJf-UJ 4 tM ^_ 4_lL^IJU1 C-Jjjfijl JlJ>*1 X_Shp <)^-=3 4 (J-t-LOJ I 

ctj! ;aU ^ iuTtn j .(Coordinate Measuring Machines, CMM) oLul jl^VI o^LjS oLl^U ^^.mj 

*1 tort! 4- -J-t-^Jl OlUI CjLuI JljwI aUoj j 4 n^-ilXI CjLuI JljwI a! tVi L^ (J*la\ tVi fj\ CjLuI JljwVI (j-uLjS 

oLuIjl^I ^ U*i 2_ La? c ((f) (9-5) J^» A) iiAUll i^=y^J iwIL iS^till jjUJtl 4_^>« 0^=^ JjVl 

.((4->)(9-5) ^j^aui) JjlAJI 4jlL^ 2_ Sj|_^>rjjO 4-g.iu jl *j>*j^j 4 La 4Jj * 4j^Lj-H jjL>Jll Q^^aJ JJLiJI 4 ♦Ua 



^^ 














oLul jl^VI ^LS ollt^U JiAll ijJaS oLul jl^I ^ U*i j 4M^.m oLul jl^I ^ Ua>.(9-5) J^u 



^j u a > 4_j j 4 ^JljJl>iJ c-jj LLaij *— iJs^-gJj L*_ij lLjj^^IIj (^j-j I ^j ol -lSj) 3 Ju>-j O-^L) lt^ ( ~- < - t - L/Q ( * "" J^^ -3^^** 

(j I jj>. L>J I j 4 ijr ^_uL_u j I j^L>JI jjj^j^ (jr^- 3j^-^> aj^Ij^j iijLo ^jjj^ (j>5^aj «^_ij>ij ^-^j^ ^j^-n tj jjj^kJI 

ijr Io^ J 4_<_oLSJLl A thMl (J^U>. ^jojI jM) (J-4JIJ LiJ^tlij ^j-uLlSjI JllC .rt-A (J. 001 -}jJ^>* ^- B^-Lt-CO 4_3L<_u_4 1 <) ^ Lu 
^ILj 4_JjljILo 4-t-tTu | (J^~""» LM 2— 4jJLJ>iJ 4_<_ujLC (J^L>- (^JO-b jJu-^_a ^ya ^-j-^ J'J^i (^y J < ^JuJl>iJ JijJLi f-L^jJU 
^Jt c-^l rt Mill jj>*L>Ji J^Lj^ ^j_a 4_jjijIlIi £j_Jaj| 4-t-tTu I J^-3-> LcJl-lC J .^jJjj^>Jj ^jJjj>*L>iJi ( Jr -Lc I4I2I ft t a\ 

SjLti 2 I 3 JluI/ (jric- ^-1—tJ *— t-bj-tl Jlj Jl>iJ £j <^—\ «J ^JLjJLj j ^j-ul—i^JI (J-^L) ^J*-^ 1 flt^--*> (^! 4 (J ^> t J 1 1 L^^LgaJLjJ 

^j-ulj j 4 4— Lt^sLll *_a ^3_^jJLi <_2-!VI l^-luLxJu A 1 L^alLq i-Uj^H^aJt ^ljjJlj 3 Jlj^^j -ijj^-^ L^-Lo J ^-^ 3 J-aulLo 
.Ij^Jlj 1 $^ jjL>JLl dJLj^>iJ ^uj CjIjIj^JI ^aiU 1 tiaj| J^>-j3 1 o^— > c ij^LjJI jjL>JLl clL^tlJ ^^3u5cIl!I oJl^^j 



^t 













.(CNC CMM) u^UJb ij^kj ^^ oli^=U^= ^1 




Jj_i_2ill ^ illi* 



^Jl^-U 



.CjLuljLxVI ^LjS 4M<mjj -LluiLuiVI cAj$£»Jll :(10"5) J^i A 
(JJUoJ I 4 itla-2j Juu Ji ^j-uLjS 1 tiajj CjLjjIJu>*2I ^j-ul_jS CjLLl^sLc * jk>" < uJ 4 x-t^jJl JuJu>*j c-xjLn. ^Jl j 

^\jHj>.z\ djj^jsta ^_ l(jl>J 3Ji_jJl*JI ^J-j-t^LgjJL^j 4_allieJLl 4jL$_<_aJ 4_st_pe_-L^J I *— i-bljij j jLaujI <*t*_p* (j— a 

.Ju^xls ^uLui *LS! (11-5) J^m, 4-^-^>ll ^^IjlSI 




.CjLjjI Ju>* VI <j-"Ljj3 iJL^sLo ^^ < "lj; ^irwl J J^ljIL^I dJjjsta jLjuI j CjL^^u ^j^^a :^1 1 _ JJ J^""" uj 



^r 




<UJjJ 



.jj^JI 4_^AJLI 



.cv irhg ll 1 1 i|T illq .^inl l piln ill rinlnll riiiinif| pll 

gftLUl jJ^uj (QMidU 2uU)l SjbVI 




uULtd 



l>°4 



LiiULk^l 







: iijjuo (jr lc SjJuill ^Lj^ UJ^J JjuaaJI I Jufc J-4-^=3lj LoJlI^. 



M 



^LaJUL^I 



uULua 







3i*jll* 1-6 

(j-ul Jrtll 4— JU-C J_& i (J-t-tTu 4 thrt) (J^-JL>3 (jajl_jj9 ^Ij^l JllC ^j-^^-J' (jjIJ ^D^^ J-**"P"* L^' ^V^' ^ ' u (i * ' (J -1 * 3 

^jl a| S4_<_uLjj9 c_jjJLL^o j_& LI 4_uLiIL>iJl 4 <)Jrt)l ^-A 4_<_uLSJLj 4 <)Jfl m (JJ)^"* 1 " <jl ^j <) tiaJ (jP-Ji 4_l3L^3uI 4j9JljLj CLc^j 

ojj-l^j ?c-pe-t^> (JojLjjS ^1 I Jl_)| Ju>*jj J 4_j| (^-& J OL^LLdJu ^ o" ft\\ <J-^=3 l^^=3jJlj 4_aL& 4_£_iiL>. U-lLc. ^yajj£ 

^J| 4_jL^jJ| ^_ ^jij_jj ^joj1_i2Ji ^.UjI Lju3 *_^lL>ij i LcL^j L^jJL>tj (j^ 3 ^ * * ^H^'J c_jLu_uI llIlLa ^jl <t*-£>* i <* slU^ 

uLllu 2 1 0Jl_& (^^-i^ l-£j*-3uj (j\ ^^jJl-JI ^j_a j .LjIjjJI j jLju^U 4 rth^a Cj1_<_uLjj9 ^.Ij^I ^.LJjI CjJlj>iJ g.1 h^2 
4-<i-ui.U ^jj_^3J La c_JjJ9l 4_<_ul_SJLl 4 ojfltl 7t j t *aJ j L&^_p G ^J^Ll^jj ^ ^aJ < ^jL^zaucjl jJ^ <jr^- < ^-^^ 4_!jL>Jl 



]ca\\ l/; 




W*3 



4-JLtUI ijjlj-ll 




r^ :^?^l **** 



LaJuieJL I (jujLiiili OLjJU-C. £.Lul r 1 U^Vi ^yuu CjjJl^ :(1 _ 0) J^—^ uj 






^o 



Xlu/UI uUjjju 2-6 

(True Value) i_^2j>JI 3^2] I • 

L^ < "lj* U^lkJj I 4-ja^3lU AjjJsJJI jl i_u^_uVI 4_^_LdJI (^Jfc 

(Measured Value) LA.%Jil\ i+juiS\ • 
(Error) TU^tl • 

.(4-Lg.t.o J I) 4_uLiIL>iJl A <)Jrt M J (4_<_uLSJLi) 4-JjLOJl A <)Jrt 1) (J-1J J^ilJl J-& 

4jrtjrt~»Jl A <)Jrt n — 4_Jjuij| A <)Jrt 1) == LLiiJl 

^ -J = i 

.^j-uLl^JI c^jjJo 4 tjjUt l_*_u LJL_u j l Lc^j^o LtaiJI uld^^j ^j 

(Relative Error) ^mill fU^tl • 

<T _ 



,_.l^l 



L^H"^ 



.100% 2_ c-jj JaJL dJLSi j ^^ S jMir^-i lU^JI c-cl(jl>ij LjLp^f j 

(Uncertainty) dJLAJI jf i_ul*]| • 

.(jujLuill ^lU^V iAJtlieJLl £ I^J^? ^^^ (-Sj^Ilj LoJlI^. 

(Range of Measurement) o^L^JI ^jl** 
(Accuracy of Measurement) o-uLUI £aj>* 



^ 










(Sensitivity or Resolution of Measurement) ^LSJ! umlm> • 

M^-* ^HJ>M <— »)i 4_aJui]| (jr ii .4J ^juiLmr^VI J ^ ^3 1 J N I ^jojLlHI Si jV £^3L*J 4_<_uLHI 4_L4^3J| £_j._Lij Jj9| ^Jt 

.^JuJl>iJ 4_aJl2Ji * jlaj t uJ ^gj M<r ^j9j JjSI ^_A 4_u_uL_uj>iJi Q^^nJ 

(Precision) lLL^VI jf il^Lu^JI • 

^j-uLl^JI 4.JU-C. Cjjj^zaJ lil L^-tiaJLJ £y3 (M^ J^u ) 4_<_uL2JLl ^j^^-^ II ^j-aAll 4_<_ul2JL| pj^' c_JjLdJ 4j>*J-i 

.4 Hj^JL) c_3jjJaJl (J-oAj < 



(^UljL^lLc 4_j^LjJ \'JU t gaj 1 1 /^-SLlj I tiajf ^Idj^ju ^JlJI j < (2-6) J^"" 1 '" ^_ tc-a^j^c j_& 1 ^^-— » dsL^JJI ^j_a JJlC 
j (c_j) ^j-a i£J (.^^1 J-A ( l) (jl^ ^U ^j^a J i (z) J (t_») (j||^L-ulll jiAf (^^ oj^lj jJLoo I ^Ji^lj 4jLjjp <^1 £^>* 

\£\ (. Bj^jI j ji ^3 1 (J^Ij Lfc- L ^jv *_Z3 L^ji (<^-c.j (^-j) (3^^- L(j ^ L ^ <^- >Luj) t^aj ^jl ju?tJu_u c jJ^JJI Ll^sj lil ^j^-n t j .(?:) 

Bj^JLl^ji Bj^iJui ?7jL^ C-cjlSj 4j Llji^ t s>\ J^s (jV (j-G ts>h*x- \ & 4lLLsLui3 j 4l(SjL^ (77) ^L-uIlli Lcl .( 1) ^j-a 4^LnJ3 

.CjLaL>ij j I ^-^>- £- 4_ulj M<r 3jj-l^j 3jIL»_u3 j 



^V 






uULi 








^LuJIuIJjw jaJL^^LuAJ 3-6 

77LjJ>iJ LcJlJjlS .(jajl—LdJl CjI JLJU3 lJi_L-L^jIl! i_L_<_uL_U Jl JwL^UJtJl L^jj^s ^j_a (J-^jL-^JkJI 0Jl& 4j<a ^1 *-J-u J i 4j9Jl!I 
^_ CjijJ J I 0j_& oLJLLalLa JljJl5cIlj jjI Cj 1_<_u Ll2J I ^_ (^—(-^HitXi Ju>*l ^J-^J < ^j-u1_l2Ji CjijjI <jia_*j ^.Ij^uiJ * I « ^ ^ 
tJL^JLl (jufc IL. i^llll CjL^jJII^JI CjJl^I ^^1^. f-^LtsVL) ^J-^J *U < Lfcj^sJ J^iL-oll LUl^e-ll \$ t<~r\ tr>^ ^j^jl^ 

LcJ ^^j^u 4_j! jl?eJ_<.u < 5_l^j 4_^jl2J j-^j < (3-6) J^-> m« £_ (>-L-t1 rj-!l ^^ill JLill J^u-m ^Ac LjJlJw! I iLa 
4 ^Lojl2JI ojlj* ^j-a crp-i^ liJLla ^j! jl^>o Vj! .L^_^ajL-^iw 4- iJiU-4 4_ajl1!1 oj^it (Specifications) oLL^Ij^ 

.(Inch/Metric) L^j! i^^JL p-a^ j aj^i* i_ulill j (Metric) . La £« aj^i* <Jj^' 



^a 






uULi 








SPECIFICATIONS 
Mslrlc 



flang e 



Order No. 



RrsoluliDJi 



tf 30ttm 

0- SEOrm 

JSJiTiir 



Accuracy 



flrjrriRrHi 



m 










rfl- ^ftim 


551-SM-1D- 


Q &1ir¥Ti 


^fUXJrrm 


^PS Hiijiir.--- 1 <:-i!.. i. 


3D-S1QTUT1 


E51-231 


Q.D1rti,Ti 


ifrD4fmi 


vi 3£-wi iLra:on 



Q iCtftrni 



£Q^ TTflnrr 



.:■:;•:- -i 



gJ-Trtwn 



a- HJflfr™ 



55T-2D7-50 



IHjl ii.i 

a a ?ii:in 



iOaemm 



I^.O?!!!! 1 



f.Q(17irjn - 



nichyMetrlc 



ft rifle 



DrdijrWr, 



H^50lLliOi: 



Accuracy 



Rflfriarys 



,.i -:v":::-i"-'- 



rj T^30ftTTri 
pm'otffVnrn 



■1" - 9V1Q1fi -Ziqmrr> fl BT-23T-1fl 

■r-'^iQ.re-jfartu wi-m 



f -aajvia. ? ■ gramm hi-h+m 



fr 0WK7CIv?«Vi 


±.aar 


ABEOia^iancCaipai 


GDO&'.'Q.G'Imfil 


; ■:;::? 


wilhPrese^uncrjon 


i .Doas'flJLOtmin 


t,ooa f 


— 


* COCG'Jft.Qlniin 


•. ■::; 





JT-3aS'/T£r-?6anyn 551-22^50 

.a-l*SjJI ^Jl21J CiUyh^-itl JL3.! :(3-6) J^-iA 
.^1000 JIJ.^^ Ij^^j tr 0-300 ^liilj ^ 0-200 ^ (OD) X^jliJI jllaSVl ^L^ ^j^ 

J *_a 10-210 (j-a fjL_u 4-liJI ^JLjJ (ID) 4_JLn.|jl!I jLLa^VI (J-"^ lS^-* Jlj N ' Jj jLJ ^' (J-* <jr^' -ij-^JtJl 4- J 
4jjlUtl ^j9j ^r^-uJ J CjLoJlUI (^Ji^l 4j *uj ^JlII r^J-M <^Ui J^u ^L -AJpIl 4_aJuiiJ *_a 20-1020 Jj gj n 

L^Lkll j j-jIjJI ^jj-^tJl Ig_ 3jMUtl ^j^ .551-201-10 j^> l^iulL ^j <JjVl ^jl^JLs < (Order No.) 
JjVl L_^jl2]Ls .c-c-uj^I ^^ (Accuracy) i^jJI j (Resolution) ^_^L^>JI ^j_S ^^ o^_j jJI^j c^^I 

.^_a ±0.03 L^_ul_jS a^j j ^o 0.01 L^u-< u\ t to» 



> 



IkUL 



.cjMiJI L^jII^ ^j-a iii (J^ 3 lt^-^ ^-^j-' j-^ I ^^ ' l£h^»' 



(j uaj ^j-ul_t2JI 4_^J j ^_a 0.001 /^-A ^j-uLlSJi 4-j-t-uLL(irw j 4 ^_a 75-100 (jTj ' "JtJ ' ^* J**' Q 3> ^~^ >! ^ (J-^L-J^J' 

^jL^j j^ c i_ulHI iiAJI 4- 1 0^ ^Lu-uL^JI J^a (Graduation) ^jjJlLSI Jj*j l^Lp^l j .^jjj^-ij^ ±1 <JI 



^^ 






uULi 







Measuring ) o^L^Jl ^U uJ (Parallelism = 2pm) L £j!>ilJ j (Flatness = 0.6pm) ^Iji^XJ ix^uJLI 

.iljSj CiUI^S ^i^. Jj^u>JI 4- ^^ i_u^i o-a UjJ U IjJaj (Faces 




SPECIFICATIONS 
Diglmatls Mlcrom*(prs 
Metric 



nfc--3t 


Ore^N*. 


ftHGluh-Ii" 


ACCVTVZy 


0- 2Ejfnm 


29J-l*r-» 




±Jjm 


55- ffim-n 


MUH-nU 




t '_*" 


ivii ?! 


2W-1G3» 


■ -.. 


■ 1[ini 


TS Iftl >ii 


2KMG*.>? 


1.1 rX>l-"aii 


M^m 



Outside Micrometers with Ratchet 51QS> 
M«rlG 



^.inrji- 


CiaMHEL 


Gnduallcn 


Afcuiflth 




rn?-+iu 


D-.aiiTvn 




5£i I-Itiv 


in^ai 




- :-. ■■ 


OvlddB 


Mtcnsitnfrlerfi With Hatch** IhmiblE! 


Rwpt 


OnbrNft, 


Quduititon 


Accuracy 


ii ■ rsm-. 


IG2-6CT 


.1 1 •' :nr 


x2ihii 




IOZ-651 


y fjlup- 


hJii'ii 




iM-esa 


D.Olirm 


+^iin 


v. nri- 


jii n».*sa 


, .. ■ 


i^Niin 



Hfl^tiiPlng Idem 




^UiJULI^I^^! 4-6 

c Jij-Ls J I (Joj1_jj9 oLJU-C. 4 at-ula ^j-^ J .3^-jJlLq 4-^-3 CjiJ j jJlj-^JLI iajJuua ^jj^zaj J cP-J' 4_u I j.lu.*j I g.1 H-v. j| 

.A-ulj-tTu-tJI ^LUiw^l fj^J fjjjjh^rp] iJ^=3lJ L^ 4-uall^rtl ^LUiw^l C. >jJl>. (jl^ 

(Systematic Errors) i^LkUt *Uai*Vl 1-4-6 






uULi 







^LiJ! Oljjf *LW (?) 

.^j-uLlaJI l-jjJLu) ^lU^l (l) 

.4_<_uLim 4 tt^Stl J ^^Ll^JI oIj! oliL^o aJlC I U-v. J i (5-6) J^-> m( 2_ (J<JjS J-A 1 o^-> ^^Ll^JI 



U«t 



■^'j— 

^ 



.,,_,. 








PnT ^nL 




^w 1 ^ 1 




















1 



.^j-uLiJI j-^j-^ ^^i^ iijLj aj^Ij^ jtS^tl LUiw : (5-6) J^-n i 



^ * ^ 







. ( j-uLlUIj 4-La.pJLl L^jjJaJ) IL. r lU^f (cj) 

i-L^Ltiltt ^.LL^VI o^Jtj t_)L-a^ 2-4-6 

3j|j^>Jt i^jJ Uai* c-jL^l>. 1-2-4-6 

^jl-a 2_ ^j-uL^JLl (Jj-LsJI j*^*-*^ j (Jlj-Ls j I ^jojLjS La jJLc ^u_j (a 20) i_u_ul_jS 3j1j^ i^j^ ^ tjL> ^ c^ ^^ < 5_<_uL2JLl 

(20 - S) f J = 

[(20-,) f +l]J = J 

4jlL^21J (jr S-t2j»JI JjIaJ! (jl^-— I J^ •((* 20) j-LtJeJll «jl>»- ^-jJ £-» Wb'j-^ ^-J- 1 l£j^ "iTA \ L^aJI CxJS^JI i-dpJ 
J_aL*-4 (jL_i Lgle, 4 4_JL>JI <> JljJ> £_ JijL-lII (Jo/LlSJ! 1 taiw j < a 30 J_Lc (jjiLSi,! 4 »U5tl Jjla i_ mo. I « (<s-a 400 = 

.J k /16.5xlO" 6 = (>B l*^ < ^jl a Jlj;jl > >JI jjl^I 

[(20->) r +l]J = J 
[(20-30) 16.5xl0" 6 +l] 400 = 

. ^ .t - 






uULua 







[165xl0" 6 +l]400 = 
r 400.066 = 

J -J =c 
400-400.066 = 
^0.066 = 



stiUJLt Aji£. tu^ c-jl m> 2-2-4-6 

4_ljuLaj9 l-Jj 1 U t, 1 JLajH 7t_pt_x^aJ! oL>o}iJ (j^Lai!) 2 j U > u fl StiUtA aJlc (?) 

oLL^*!!! LLoJiir" m.1 I i! j .(J) ju/Uil Jljl_l!I j (ell) ^tj^-kJI Jljl_l!I {J±j (t) Ltai. f Am dJUjLJ .(6-6) J^-i A 

:i_uVI CjLjS^LlJI ^-llIL-ul Q^^J ' ^ ^*) ^Ji'j^' f ^ S-4^ J Haiti! i_u_uL_uVI 





= I 


Li* 


fl^J- 


-J 


= C 


(Tb*.- 


>)J 


= 




T 



zi 



1 



.BjUm.U aIju^L-uI Ju^ aliUJll *Jt£: Uai. :(6~6) J^a-A 



^ *r 






uULua 







:o^^(^) UaiJIo^ *6° = (T) sliUJLt ^jl^ 4i?lj j* ^150 = O><>^ J^'o^ lip* 

(6° 1^-^)150 = 

^_« (J.oZZ — 

0.822-150 = 



^-d 



149.178 



Z0.55= 100% 



0.822 
149.178 



— ^LLuJj I Lk2J>iJl (JJ^~~*»J J 







?c_ps_^aj] ^j-uLl^]| 0L>o] 



.^^uLlHI U^-* A|jiitIL_ul Ju£. 3liL>JLl aJl^. LUiw :(7-6) J^-n u/ 



^ * i 






uULua 







4IU_jj9 JuJu>o £>±=l*j 3JL>J| oJufc 2_ (r-) z^LUI t U 4, 1 1 j .(8-6) J^ tl 2_ ?ct-bj_A j-A 1 <^±==* c A^uu[2X\ 2y*ljU,„VI 

TUj + OL^ -1 )J = ^ 

.jILc jj^-n jolt ^j-uLl^JI dls j-t^S :<3 




(Random Errors) ^IjAaJI *liai*Vl 3-4-6 

.^J-uLlSJI OLlL^JU L^-LaJj^J ^J 4_U3^_jj| LuLp* £y3 4_LL<3 j| (J^aJLJ jL^Lu_0 4 4_U I J.LU.+J I 



^ *3 







AjjjJlSi 4_jLu-^J| <L*-jl>* j^( 4_rtj^LJl oL^LjIo* Jl i^L^s ^jjjL?tJJ 4_*_ujJl1j ^Jj-lijlo £)! Jl^JLux3 c^JjLll ^3^1 ^*-^ 
C-(_jlj JlCj^c lLILlA (JJ^"^J Lt"^ J J*-^^ Oj^i c-J^LLaJi J^J 4-JU-C. ^ItJ ( jr ^=aJ 4 JpL_ai] ^—L^aJi c-xJjJuJi j 4jL3L?eJu 
j^tiwLj CjjJun. (JL^IoJ (j-^-JLajJ L^Io* ^Jjp-t-u CjLLsLjIo^VI 0Jl& J^"" 1 .c_JLis J^"" 1 1 c_jLjVI c2xj9jJ j c_j1_AJl!I <^9j-! 

Cj\ j^-^jJH (J^sju eJi£hp-L(jiJ 4 j uuIL^j jjj^ 4JU^>* -^J-^J L r J ~i- LjUL i J^P^^' U 1 ^ V C - J ^ L>1 ^ U' ' ^J' U^~"* > <n •JtP*^-"' O^ 9 } 
0Jlj* J-ILc £)! yr JajJ j .4_<_ujjLaJL! 4_jJ>J_il J)j-1_JI Jl_**I _|_ i_ul_tiiJ VI <J1 or j| ^j^ 3U lLILlA £) I jl c 4_ulj MfT 3jjj-_ij 

-?_ La- L QJV L-XJ-CtUJ 1 ^(^ 1 J 4 <) W'i "( 3 3jJ_*-_lJ CjjL_>iJ J J 1 rtj (Mfl 4_^jJjU3 ^J__=_U Z <J^U_£=_» L&^-LC. J 4 LJLLLUil 

Jlcjjc 4J JJ-j>o V 4_-l_e cc-JUs J _=_J c_jLjV( j c_jL4>JlJI Jl-Cj-a JpL-JI JJl_>iJ LaJl-Lc 4jJ_3 dJLtjJ .iisL>JI j^-tj 

ojjl^. JLc^I liJLl^ dJLSi ^3 j j^t^tl juu 1;50 Jj 1:40 ^ j U.Lu^> 7:15 i^L^JI Jl 7:05 icL^JI ^ 

.4jj|jU<^VI J>-liwQj| BjlLa JujL>iJ » H^ < rij ^J ^JLjJL) J 

^LUiwVI <?rj^ uaj ^LiJIj j c jljju>o jiiLu 5JLaL>JI Jl Url ^j-a jl_>JI J-^^ 6-^ ^^J^ cP-J' cjOsLjl^VLa 

4_jjj ^j-4j1_i2j ^j^V m« r^J-^ LcJl-ul£ . 4_u I j-Lu.tj I ^jojLl^jI ^.1 H^j jJoLu ^j Q°\ i LoL^j a\jQJ±3UQ JULC (jj)^n Lc Lulcj 

^J 3jlj^>JI 4< -P te J-^ J ' l£> d^aJ I ^1 H-v. 7c_pe_j-^J ^u j ^^^ J^^ U^>tA^ U' (*-^J ^-5^ ^— ) ^ L>1 ^ -0-"^!^^ *^-* ' J^*-^ 
^j_xa ciJJj j^t£. Jl c (iuiLiJI (jr^- O-^ 3 0J*uIiLu3 4 oj^tl l>^ J' ) J^J^ ^L>ol lA^" ^^J- 4 ^ J ^ ^ J (J^^ ^H J <> J^f-*^ 
jJlj-^JLI iJ^jsc^ lij^l r lU^f J^-j ^ lil JuV .i_LdliiJj| ^lU^Vi c_jLu_u! LfJj^J Cr*^ Cp"^ CjLIsLlI^VI 4^L^3 



^ *n 







( jr ^tia_<_u ^-l^. jLutJl <--^J^ ^j^ *J J>j-^jJ J I < 4_<_uL2JLl 4 ♦ UStl ^JLc da-> tiaJI t a\1"4J <^—. 4 r 1 U^Vi ^Jlj* j n! *^a 

f' U^Vi CjjJlj^ uLlu2 6 )i ^— ■ j a ^ | C 1 ^ '^-" , 1 J oj u ^—* Cj jL^Io^I Jlj>*jj i \ ^-^ a j . 4_l<v^jJ I 4_aJui]| 4— uuLuu 
^j_a JljJjlJI C-cJj^I JlJlS dJJjlJ .^Jlj-Lu-tJI Lk2j>Ji 4-^_LdJ 3 JJusta 4-^_l3 uLlu> Lci=3u$J ^L£ ^J ^j_a j < 4-U I j.lu.*J I 
4_g<_ul ^J I jLp-t-u I ^J (^Jul j ^j I j-Lu.tj I 1 H^J) 4_^_l3 c c-jLl(jl>J ^jojLjLJJ cj^Jl^jj 4-uLl^^I (3j^ ^^"^V CjL_uIjJui 

j^ au l-jLlutw, ^j 1 o^-i ) L^jLoqw (>^3l^j 3 jji^ta i^jS ^,1*3 I U^w 4 <\\^~i q^ (Uncertainty) LiLUL jl SjitML 

J c_J I J-<-^J I J_^IL>iJ 4_jj^j Jl2j 4 <>jS» I JJt> q I ^^p* J < ^JJj^3l_u3 dz 1 (J — 4j rtM ) LA^j JlSj ^j ^1j I 4 <\y>\ I (j I ^psj^Aj 
Level) 4_jj3jjjJJ (^jILia* ^q-luJ (Jj^Jwj 4— ^_jj9 1_£_o*Ll^j J-J 4_ulaJI JljJl5cI(J 1_AJlj^j ^ a=aJ V ^ ^3 c I U^ti 

JL^bwl q] ^yiju I jl^ M^-a 99% = o-<-ai]l j>jlj4> c-ljL^ IjL^ .ijjla 4-i-caj 3jj_a^> 4- c? ^^ J (Confidence 

^j-C ^£p VI J_*IL>iJ ^jIj-AjlJI t U^tl 4-^9 ^j| ^1 c 99% — 4_tllk!l 4_^jS J.J Ji2l! CuJj^I ^^Jl CjL)L_oj>JI 4j5t^o 

^jutis^l (1%) J-tl^ JLCoJ LiJLi^^LiJlj j c 99% <j-loLjj^ 1=1-1* -10 ^j_c J23 VIj ^ujj^j^ +10 
^lju V i (2 ^;Uti) i_u)j_tiutj| ^1 U^Vi ^1 U\ j| 4_Ldli^Jj| ,-lU^yi ^_^ 4jLi» ^jl ^^^ ju^jQJI 4-cj>ij j 

^j-ul jf?ii ^Ilj (^Jul ^JUjuI (3-Lilajjl (j^ic L_uL_ul Jl^Iuu (^-j-ujJ *(^juj I Jl& ^j j c 1 ^)r jjLstjJI jl LjL^-AI ^j^--^ <>j 4_ji 
4_ Lo| 4 1 U^l 4-<uS ^j-c jjLfeHJI 5JL>JI oJufc 4_ (j^oj^ 4 Ijjj^ r-j^-caXI CJjUlSI (^Jla (jl^-i I iL^ .4l>.| ^ 
a I Jiitj-t-o I 1 tiajf AjJj JlS j c (jqjl j^tl I H^v. 4_^jS LcL^j JJu>»j ^jl l-i-^- j uS JjJusta CjjLfllL) ?c_^-<_uJ ^jj I Cj\ ojuI^jj) 

.4jJlJL^jJI ^jojLl^JI CjIjjI (jjd Vju 4jlJIj 4^J CjI i ojjl^ILo (j-"LjS 3j^>-l 



^ %v 







.^j-ul_L^Jl 4-U-uLl(jL>. J ^j-ul_L^Jl 4j9J (4-*) 

CxSjJI ciJp-3 ^J j i— )1 mLmJI j^jJlita 2_ L^_<_uLjS *u c a 30 — L^jjIj^ ^-^J-^ <— JLlaJI £y3 *^j ' 4 ^ A J* jTo 4jtiaj9 (Y) 
= 4 tUrtU (j-uim JjtMl (j l^-i I jl-3 .(a 20) ( jojLl1!I jU> *jl>^ ^J J £* U^j'j^ ^J J L$jLxull 4 l^aJI 

^jLj Loi^ c 5JL>JI j>jl-a 2_ xjLJI ^^LlHI LUiw j c (jajLiltl Zjtl*2\l <^JLiL>JI Jjktl l _ j _ U j l ^\ t *_a500.0288 

^/11.5xlO" 6 = c T JL^^^kJl^jl J ^JI jjl^JIJ^L^ 
{^0.0288. ^500} 

LJLi c ^^Ll^JI 3jIj^^ ^-^j-* j <• * jL^Sit (jr LtiJI Jjt^ti c-clotwI c ^_a 0.0966 — ojlj^JI cjL^jj c_a^Li>*t o-a 

^ /23 xlO" 6 = ^joiaySU ^^kJI l^jIj^I -^^ J^l^ dW 
{ ^ 34 ,^-.0966} 

0£.|jJ9 Jjse-luS c i-iljlaJI jLju j| Ju^l (JojljJLl! <L>*jJu3 3j La ula a I Ju?eIL<_u Lj ^j-uLl^JI Cjlj^Iita Jl^I 2_ ^13 aLS (1) 
^lIlj j i qjj[2X\ JuljJI ^L>o V LcL^J LjjIj-a (j^-^2 aJ ojV~)<(t[\ <— 3j*3* (j I < fl mh^-j! 4 r^-if J .^ol42.1 L&jl JuLa 
JljlJL! <LjJLlIL>iJI 4 o j ^? 1 1 (^^-lc J <^^jf ^*< rttl IjL-A (^^JLc t^IUjj liLo . 7 L&jljuLa oliLsta aJlc AjjIj ciJJj ^c 

$<l_uL2j a IS (^jJI 



\ *A 




-c^'nTip ll 1 1 ■jn'i llq-cvinll p ilnill rinlnll n T qII 




uLuLi 



SjjJ>j| ( H J ^ ^yl ^J^rjLC 






:4^jjuq ^Ic ojJuill ^Lj^ UJ^J JjuaAII (jufc J^^aJ LaJu£. 

3jjJ>iJl JLL^=3JJ J 3jjJ>JI UHJJU3 (J\J £jJll\ * 



^ ^ 







2uj&1-7 

JljJu>o 2_ p ^a stj J ^pJI 4_l_<_uL_uVI [$ jLJLl ct^- ^Ah*-^ U' ' ^ Ah^tJ jLjuVI CjL_uLjj9 4_<_JjJ Juu cTjJJ '^ 

3buuU) uUjjJU 2-7 

(Quality) sj^I (!) 

CjLcJu>iJl^3 2 A h ^ 1 1 CjLoJu>iJi 1 tiajf (J-a-luj L^jI j < SjJljlLIj L^cijjLj CjL?tliti ilaJi3 ^)-aj>iJ j 3j>jj>JI £)! 

^JLc ^lJj j .3jj^?cJu ^ \qc j ^-^-^s (jujLiiLa i-iLL^j c icj-^jJLi C n g < ^ 1 j t , I ^_a 4_aJl>iJi jl /^-Uli ^^-^ l^^ 3 
j^xJu 4 tjjH x_a ^_JoL^I(J dJuj ^jl 1 <>^-i .J_L4JU| CjLlCj JfrjJL^Iu Cct-ti^ j L_uL_ul L^J2 Cj 1 <? < ^ I jJL I ^JlA JjJju 



^ ^ 







(Quality Control) sj^l ,Un^ (c_») 

oL^Ljlo^ j| (J^3 1 cjLLl^Ij_4 -1 

oLLl^IjJLu ^L£jJL! 4-aJu>JI jl /^-Ull p J t^aj -z 

CjI <?<^>)jJL) *_a J^j 1 hi » I JuJl>iJ ^djJu j^^iill -4 
j-aVI 7:Llo*l lit CjLLl^IjJJ JjJuu 2_ J^f-dJ CjLcjJLjla (j^ic- (Jj-^^5eU (JL$jlL_u VI 4juLLo -J 

L*l>. (^gjjj m« dUi jLs 4 JAaVI J}U2_<_uVI aU m<WI J c-c-lSL-uVI oJlj* J>< »j m.I *u lit 4_jf ^^jJl-JI ^j-a j 
^,-<aTt— t-rj-t I (J^_<_a^fcJj| J_& 1_3->I J (—SJ-jJI ^jj_^3LJJ 4 ^-t_t-u J-M J S Jj^r ^JLcLj J_l$juj 4_aJl>iJI jf ^iTLlU Jj_a-^jj 

(Quality Assurance) sj^>ji ju^jj (^) 

3j>j_j>JI <^-A 4— JLjlAj 1 3 Ji jj>J I £)! £y3 J^LstjJI 1 tiajj 3j>jj>*JI Jm^-->jj J-^-tliJ j .3j>jj>JI Cm ALalLgj ^ojllm c 4_aJu>iJI 
^jojluL^ 4_£j*ju3 djjjwti^ jLlIc J I ^_ Ju>. jI *_a 4_$_>^Ltl j 4-jic.Laij ^-<Cll(jlI> I rtjjrtm dJJj ^j-^-l^ILj j . 4j j 1 H t, I 

.jwC VI ?7Lo^l I j| rt j j 7n 1 1 ^—sLIj Jj + ^ BjJLlII j 4_pt_pe-(-^J 4_u_aj 

<-_<_i£=3pJI j t-LIj VI j CjI <?<^Ij-1Lj r<CL^j Jj jL^ 4 3jjj>iJI Jj^-^jj j 3jijj>iJI < U w >> ^u (3j^ U' S- 4 ^ J 

ALkaJJu I t ^ J I p" gj 4 4-La_tIiJ j| 0JL-& ^J I i^Lc^ VLl3 3 J>j_j>JI Jl-i^sjj La I 4 (JLaJU_<_uVI 4-julLo j ^j^ ge aJI j 



^ \ \ 













(Responsibility for Quality) 3^)XJj>^ 3-7 

J .3jjJ>JLj rfU_£J ^J-SI 4_LAjL>J| j| i_l£.LLj-^J| 3 1— Loll I 2_ *-_L$J>iJl (j^_J 4 3j>J_J>Jl * j tW) ^LjJLjj i 4-Jiljj—U±[ \ 

3 LloII 1 ^_ t-LIljVI aL_uj91 (j^ic- l^-^L^-M 4-l!jj-l(jl^ jjfc c ^Jj-^jlSI CjLlCj^j ^.LsjJI (JiL>ij ^^ ^3^ l£-* ?H^ (Jl 
3 J>j-^>* 4-iJjj-L(jL<a £)( (_2-_& ?"Jj UU (JIj-luJI (jr^- i-jb* * I (J^£ <• {£ o-^ J -^-^^ 4_aJl>iJ ^.L^jjI j (Jj^-luTl! I ^ya U Ju 




TtluJLl 4_^Jliw 




i 


L 




^jj^'tl jt /» «!♦"!! 




w / 


i 


L 









JJJ^IJI 



r- 



( <a < gaj I ' -iU-uJ-aJb 



c— >|j^j-caXI 



E^ 1 



CjLlLsjuI p j «3 < gaj 



.i_t£.Lu-^JI 3Liilll IL. 3jjj>JI ^^ jJjj-cu-U cjL^JI :(l-7) J^-» lL 



\ M 







^ya daLfuJ (j^=3 L-jUlIjS (j^U J 4 Jj 1 La t i 3j>jj>JLj /^-llll r-jj^l ^_ 4_lC.Lu-^Ji 3 L Jlilt I ^_ ^$J^>- X I 4-La-cojVl p ^ < uJ 
J ^aJ LaJU ^jJI L^jl^l (j^-coXI <-JiJLL>iJ J .^Ul 3jjJ 4- p^UI 4JLJLuJ C-iLarw 3j>jI JlJI 4- SUm>WI oJufc 
Jl^j c 3j I J I ^$J^- I <*-> 1— Laia 4- J (3-uj-S ^ jr <j-L(jL<a aJlJeILluJ Cj LJIilt I ^ia-3U (jr-^ < 4_^ 1 I «^t I 3 LJIilt 1 4-La.caJ I ^y3 
cJSj^juj ^ ^3 1 j . 3 i— lojl^jJ ^_<_uL_u Ji ^jiJ2 1 J^—>j^ U L*-p dJLJjij cl U<* (jt jq_u±jQ C-cj>o 4-La-tIiJ J I (j^aju t^oJuj 

(Marketing) Jj^ui 1-3-7 

. 3 LloII I 4_£^*lj jjfc ( Jj^-l(jll!1-£ dJJ Jl! c ( Jj^_<_ulJI ^JjJ-LfjL^ j I CjLjLjuJLI c_jjJl1^j ^ <£ I j 4 I^aJ j *Jj-^iJ 4_ (j-tlcLaJI 
4-l^L>JI CjLqj-U-IIj 4_lcLLl^J| 3 LcalX I JlJuaJ J J-l^jlJI L^^LL>iJ (jP^\ /*-<-<-i' *A$^* ^O^ PJJ**V L3dL9" cu "^ ' f*J"^J 3 
^j—Sl ^.^L-^JtJi [£y <! ~~^ '" J < 4_dJL>JU CjLjLjuJLi p 7""\* 4-jL*IL_ <_u Vu dJUi ^ILj j .3j>j_j>JI i— )1 ALalLc j 3Jjj>J1_j 

^_<_uS ^ jni < uj j .cjL?lIuJLIj ^LtTa ^xl\ ^ukljL^=3Lui j ^j! JLLalLc i^L^=3 iASLll ^.^L^Jtil \-&jl£ i^-^d l^^- lAjj 

. 4 fljU" 4_tc jj j 4 jj^-t^j 4_lo_l^3 j ^rhr ' (jr^ ^hP ^ 3 ^° ' ^ e -^- u ' 4 tjjH j 4IL5c_j I j 

(Design Engineering) ^m^ui 4-^jua 2-3-7 

aIjjiIVI j jl_l!*1!I aJl^. j fn<i t^lll 4- 4-LaL^-a-JLj aIj^iJVI ^ jljV j .4_l!L>JI oL^clill JjJljiI! j! 3 jljju>JI 

J_ILc l$j—z>* * I aL <_4jlS j I liJij^colj pjo t^ajJI 4_<_uJu-A AJ-^ i 3j^.jJLi 3 jL^LflJl ^ILj ^ ^-» 1 j . J_l^jlJi c_ n ALajxJ 

j .^lUUJH i-uL^jJI 4 ^l^auJI *_OJj3 ^_J ^j_a j 4_jJLc 4^J CjI i (J-"Ljj9 Cj\ Jula j ^J-JLaiJ Cj\ m^-^L1 r-llbelL^ 4 f? j <>> 
j ^j-^V I 3Lcij^ j c ^-LLJ) 4- ^ ^J oL^LjIo^^U l2_lL^ aL>«Ji -i'J-l' J'rJ-^ » C Jt ° t^ajJ I 4_<_uJu-A I tiajf ^ali^tJ 



\ \r 







*U-J 3j>j_j>JI ^jLj (Jj-dJI (j ^n <n J .r-Llj VI rt ca2J 4_!l_<_ujl <J-J-3 J^Ijj aJi-C jl (J^aL-uxA 4j| JuJl>iJ *uj ^^n 1 

.*_uj-*aldj c— ) 1 o j o < *aj 1 1 JL_ojl (J-^-S j 4 o j o ' *aj £.Lul /^Ta-U (j r ic L^ju-bj 

(Procurement) olj^AU 3-3-7 

^-jL^Jji ^-LlU ^ (jhl ctljJJLi 4 tjj H t 4_u_uLlll j 3Juj>iJI ^^ijj>iJ| CjIj 4_aL>J| £)| L^j ^JL_uJLl jj_a j| £y3 
< jr Jj 4_L_*_uLitl j 3 Jl_jj>JI Cj LcL>J I juuS^jjS dJJjLJ -4-^>*J J iW^] (jr^ 4 "^jfoj J L^Ajh? ^-Ltj>iJ j 3jj-l^ jy ujS% - ' ^r- 
^jj-^aj £) I Lcl c L^j|j^_ti Cj I jjjuuA I rt-ux£ (Jj-lj <^Jl CjLoL>JI j . 4j j I La t, I 3jjj>JI (jr^" (Jj ' ^ ^ ^ *fr (^JO </V*ttl 
* W^ J I c Cj^Ll^jJI j j-j— t-oljJLl j j>-ual— l<jlU J-Ila 4Hj (ulJ *_Laj9 J I <(jojL?eJj| j c-JLl^JI jL_jJu>JL^a 4_j_<_uLjj9 
Lai ^Ij^jfoJU Cj I J^p-cuX I aujxS AJ-^J J .?*-litl J-^JU 4_u_uL_u| j 4JLcL^3lLc » H^ jf 4 3 Jl^-C J I J (jujj^pJL^s 4 j^-tjuQ 

4_a|jI<JI ^J-LOTW 4.JU3 3 JJUuJll Cj^LoLftlJI <J}Ljw ^j_4 Cu_U I JJUStrt -ijJ-4 £)_4 J) i J5)J_l^lII £— (j\J^CiX\ ^)JjlJjJLl {jjs> 

j_& J aL& 4-t-^- c_jjJL_u 2 I I JuJ (j^a 1 J .^jj-coJI 2_ T'LLo j-t-t-u J < V<*1 ^1 U<~ i liJJjL^a j 4 J j LLa 1 , 1 i— ) LLlo IjJL Lj 
j I J^jIj^JL^zs U ^J^jaI ijjLLa c_jLu_u! ^Vc 4 jj 1 La 1 1 CjLoL>JI j^jj ^£. J^j^JLI ljuk 3jJlS aJl^: 4JIjw 2_ 4j! 
( g *j" ^_ c-cj-LuTa 4j n! t^aH^I CjLjjl-l^ ^1 jl iJL^jtJl j-^J-3 aJl^. jl CjLL^sLII (JLLa^.1 jl i.jjLjuIaJI c_ )j 1 j ^a 1 1 
3Jl_jj>Ji CjLoL>iJi JujjIL) -ijj-l' Aijlui j ^^^ (J-^ 3 JL^aQju Ol^p-tlJLl ^-l^ ajJL J .4-Llju3 3jHoj -ijj-li claLiiJ 
CjI <? <^IjJLLj aIjJlSVI <*^p* (j->a 3 Llo1<v.U ^J^ £)_4 ^JujjIL) J>JJ-ll (JlA aLS l_l CjUL^a^^l J-4-C (J£>i^ (j-C ijjJLLaJLl 
I ftfa ^ILj c -^JJ-1' 3 i— uujlX 4_uIJlla CjijLjj (J-^-*j CJi^p_tlJLi a-ujl£ ^j_a ^jjjjJl-Lc Aj_^J 1 <>^-i .Jujjlul JllcIj^c j 
(J^Ljw LjJajj r<u-jj -^J^S 3jj^>JI <Uj <>> CjUIj^I (j^i^- < — ^>*-^l ciJJjL^a j c 4jt_u_LaJI ^^~ 4jl_uL^aucl 3JlaLlu.o 
jlj^ jLiol J^>-l (j-^ 4 ojj^ <— SJl^j dJJj j -^JJ^^ ^4-^ l£^ ^■^5^1 AUaj ^c CjLjLu *_l^j>o CjIjLjJI ^JlA 

j 4_Jjjl>3 4— j ll£ (--LjiJLt-ul pLau ^-x-l^jJI I JlA ^ILj j J uaM j-A ^j-4^ 4JI JllL_u1 jl -ijj-ll )JJt x_a J^oulIJi jij^^L-uu 

.1^ L-jl^MfVI J 4-t^Ls^U Lu4> JL>Jtl ^unj 

(Process Design) oLJUaJI ju^j 4-3-7 

*_£jILj oLJUjui ^>j<) t^i"\ 4jt^ljwC J-4-C ^Ib j .3 JuLlu-U 4_La_tIiJ J I j ^LljVi da_LLaj>iJ dJJj ^j <) < lajj j c ^4^ P?-^ 
CjLjjL^jJI ^^—^ U' t — ( — P ^1 4 cJ^— ^^ drh!— *- u Q ^^ .c— )La <^IjJLIj 4 Ujlj^a j 3j>jj>J1_j 4_^LlLc J^al_tfu.<a ^1 
IjwC jf c 3 JljJln. Cji Jlju3 ^ij^-*I< :.4_ljl1ji 4_Lu.qj>J I CjijLjIo^ z I ^j_a jLjIo^I Jl^j^ c '^^ (3^ LC ^ ^>-J^-uJll 



4-JL^ 



^ ^ i 







*_u-l^jJi Cj LJUjlI (-2jhjX I <-a_upJI dJJ Jl^s j JuAJuJ I ^j-^j J 4 dl^njJu oLJUjlJI pjo t^aj 1 tiajj (*v^J J .?:LljVI 

./^LljVI CjI Jul! 4_Ji_u^aJI j ^j^^- Ati ^JjL_u j pjo ts«?i\ 1 (iaJl ^j ^j 

(Production) ^tsiVI 5-3-7 

j_^ .t-LIjVI ^j_c (Jjj-i-JLl c-aj-Lu.U 2_ L<_uL_ul ^Lj-^-a <7:LijVI ^-mja ^^- £=-<-<-ll f j * ' ^ ^jJh- 4 ^ ?-2j 

3 j>j_j>JI 4j<a ^1 dJIjjl (j^i^- <JL**-M <^>- < S Jjj>JLj 4_aljI<JI j 4_<_uL$j>iJ < * jWn «j j 3jl jVI JlU_4 (JL^jtil 4_u_olJlj 
(JL^jlJI j| jL_al t-LujVI c-^j-Lu-a (Jj-lj J .^jL^JJI ^lU-U 2_ ^JLlSlj j 4 *u U2UJ ^jj-ajJL £j^>* J 4 tM J-^3 ^4- 
j J-^Jt]| Jj<? n 4jrtj^— > £yC 4_aj^UI CjI jLijVI *ukg-l hfj J c 4_ollieJLl <ul_jJLiuJ I CjLJUjlSI jUoV JJutJl l-llujU 
c-cJjJlISI JL^jlJI ^Lla^J ^ JL) V j .^j|j| £>£. CjLtuw^La ^U ^£^L)I dJUjL^s j 4J_a 4ju3jltJ oJijj>JI 4-^j-i 
j .ttlUUI 2jj_>r (jr^C- ^JUjlJ j^I/LlII j^jQJI (^Jla j r^-^la l-J j I La U LaL^J Ij-q-Lt-i] 3j>jj>JI ^ujfcLLa (^^ic ^ L^aJI 

(Inspection and Testing) jLui-VI j (j^utAJI 6-3-7 

Jl£ j .j^c J I ajJ |j| 4j^j^ t^aJ CjIjIj^ 4_ujlII aLlu^ J I Ju5eI(J j^jL^jJI ^Jl-A ^J-a^ Cr^" J »4-j>J^^auo j>JjL^J 
Jl^^ 4-jlSjJL 4-j-uxIJu Lol i 3jij^>iJI Jl_l^3jj ^j_a pj^ UJ^^J Jl 4jI Ju J ^j < u ^ ^_<_a£ jLlL^VI j ^j^^- Ati ^j^-^j 

4 jLlL^VI J ^j^ ~* Ati ^_ L(jL a ^_ L^j^ljj C-^^IjJI CjLLmLm J I ^j_A J .?7LjJ VI lLsj Laj>. (jr-^- C^-^ L^ 1 -^' ^^ ^At) 
(j-C (>Ujj_<-JLl ^j )<?tl ^.1 J! 4-juLLo (^JLuJ dJJjiJ i^Li^Vlj 4 J j LLa 1 , 1 CjljLliwVI ^.Ij^V 3j^jLjl>3 j 4-Lj^J ^>6>' 

(Packaging and Storage) oJjitiJI 3 < liUiil 7-3-7 

J I < ^? J 1 >J 1 1 ^JL-U J^_C C-Jj-Lt-O) L-XJ-UJJ L^JJ^ 4 ^)Jj^tI(j| J ( ^? J 1 SU 1 1 4-LJJj_L(jL^ ^-A ^Jl-A .^JLjtlj^aJ 3jjJ (J^Lj>^ 



^ )0 







J c i-£9^ Jl 4_Jj*J>iJ j| 4_jj*j £lj_<-u c ^lTlJ-U J— £j 4-L—t.uJ i— ) Ld lo I jj> I 0jl_& JJl_>iJ J .^yaj—xl) \ Jl_J 1 <^j<^>^ 

(Product Service) c^L^ull ^Uj^8-3-7 

j c f-^i clLjJ J-^_tIiJ j -(jr-^ !>-^ ^ ' L-^J^^- (J^-^* ^r^ 3 Lq I JiitTt-t-u I CjL^TlIU a I JiitIL<_ui ^j_a 4 I^a <;■) (jr*~^' 

^iTa-^JJ AJJJ^jI ijLu-^Jl 4 CjLskTlIU 4_dju>. ^-LU-3 1^LlIL>iJ (jjJlC ^y^JJ>iJ (^P^\ J (Jj-SJUl ^Lt-bj J^ij^j cp^' ^r^^4H ' 

cjL?tIlli <Lcju>. ^4 (^51-i (3tj- l,jl ^ <-£JL^-& uj^"^j j .iiisLi* iJL^laj ^ j .x^3 >j ^j jl c ^jL^-L^JI 3jHs ^.Lal < kD lil 

. JjlAJLj (J_L$JlJ| 4_lLc J_^2J>0 Jl 4 4j^LL>iJ Jl 4 4_LCj>J (^jJl £.|j_<-U 3j>JJ>Jl ^gjTLHijQ JujL>iJ lJsJL^J J^-LuTl] I J 

(Quality Assurance) Sj^>J1 ju^jj 9-3-7 

(Jj^lll (J-^ J tall I (J^JL) J 3j>J_J>Jl it^M <^> jl) 3jlJ^>iJl jL_t^3JJ ^jl JL^>tJ i (1-7) J^-l M( <J J £^jJLj 

J 4 3 Jj_j>J1 aLIoj 4_L.lc.Li] j^LcJLl ^J -LO ill (J-C VjJ-L(jL<a (J-U-jJ J-A J 4 3 Jj_>J1 ^j-— - 4-lj>j- L(jL ^ I AL_<_t_5 2 I 4_3_=3lJ 

L^jJu (jP-Ji 4_L__tIij Ji ^>j Sj 4_ji 1 ^__j c^_tl_>iJi 3jj_>iJi ^jT-Lu-a ^> j j —3 ^Jjj—o ^_; 4ILjJlC._5 JujL5_b a^-^J <j— — ~j 

J_ji2j Jl »^ L— J ( jr -l— - JLCl— CUJ J 4 3 Jj_>iJl ^J^J L— OO L^J— C— )^1 — =3 (Id fl Cjjju^ *-SjILc J I 4 L— )^1 ^3 UtXI (J^JU 

^jjljlIJlj 3Jijj>iJ| (^-ujj>tJ j-A 3jjj>iJi Lj^jjjJ ^LuLoil l_SJlJ| ^jl jLl^Io*lj (Jj-^ii (J^ 3 ^ > J .Cj^L^=3luIJLi ciJJu 

.3jlJJ>iJl ^C Jjj^LLU-t I aL_4jlS Jl 4_LOJ X_A 



^ u 







(Quality Management Systems, QMS) S^iSjbi^J 4-7 

3j|j| Al—kaJ ^_^_<_uJ a! hill I Jl_A .i-jjJLLaJLi 3jj_j>Jl ^Jl Jj_-l^jjj 1 ^ * < ^ j ^J ^yJI c_3|Jl_& Ji (j J^"*° ^-J JO ' ^ J 
J^-" 1 tfo 2_ <--»-ijJ <jP-^ J ^J-^W (3-^*-^ (jr* - ^ i-i£. IIjl^I I oLloIU 4_La_cuj1 4 ^1^3 *1 taJLtl I Jl-A J-q-luJ j .oJjj>JI 

j ,^1 ;<- ;,!♦!/ 2 ^ [1jl^J\ oLJmjlX\ ^ d £-uIajJ ^tl "tl t j c 4^1_^l jlJ^. 3j>j^>iJI 3jIjI aLIoj t-1_1>ijj .(1-7) 

.dJLSju L^oIjILSI jjla j Sj^>JI Sjl jl aLIoj ^LAjI ( ^ 2jl jVI a-lJjj_<.o1 a 111 I juji^tlSI-1 
(jr i^. <>_*jL1!I jIj^VI l^jLiATa Aj^?jt oLiilll 2_ 3jjj>JLj 4JLU1U il^Aj^l j-^^i Bjjl^a cjUIj^I jIjl^.1 -2 

. ( J T L4JtJl cjL^LjIcwIj ^LbjJI j dtl ^"^,1 ^ jl^lUL! pj^ >^^tl iaSlj^o -4 

.SJjj>JLj ^j-LtjJ La J^3lJ 4-l^>L>JI OuLuJI j (JjLjjJI 4_l3|j^ j cla-xx^ -5 

4-JjJLLaJL I CjLLl^ 1J-4-U 4_ojLi^c L&Jlj^ul ^J (^P^\ CjLoL>iJ| £)! ^ya J^L?ellJ Cj I jjlcaX I 4-lSij^ j uhjjus -6 

.3jjj>*Jl (^^J-C oj^Luo j31j (_P-!i 4_aJl>Ji j < . c-i£=3pJI J ^LljjI CjmI^T ilajjLb -/ 

.^iTlI^jj 3jJu>Jj CjI ALallj Jma n ^ya J) <? "*-" 1 1 jl_il>. z I j (j^**-rt H -O 

4- 1 {f^J cillji ^3 J 4-jjIUU ^^LlHI CjU.Ll1jwV L^Lo^^La ^ Ji^zstliJ jLpiwVI j ( jojLl1!I CjI Jljus 4_iSlj^ -9 

.AjjjJlSI L^j^jLjl>3 j ^j-uLl^JI 
. 4-j j I H t> I CjL^-l^IjJLI x_a ^-lill ^Ll^J aJlC CjVL>^ CjjJl^^ ^ya Jl5cU i_ulj9j j i_pt_pe_^2J CjUIj^I j| JlcI -10 

3 "" A J 'J * A ^^-^ (JJ ^— i"t 3jij^>iJi 3j|j| ^_kaJj 4-j-t-u Laj3 i^jJj-i c— ) La < ^ I j a oJl^l K-^J ($-* J^-S J I JlA 

j i— ) La < & I j t i 0j_& j^_Joi ^j_a j .CjLloIU ^_ 4-^jI^X I 4-JulAJI 3jijj>iJi 3ji jJ 4 <a ka J p j j ^j L^ILLa^-ui^j ^j^-^ ^ j I ^j'^ 

4 ot^UI 1994 aLc L^jjjl^! ^pJI j ISO 9000 oU ^lj^ icj.^^ « ^^JLL^JI (jjicu.ll ^^ IjLiiJl L^ju_uj! 
cjLlLUiII £)-* jjlc ^-l^i c— >La loIjXI ^jLJk jjl>ij j .2000 aLc L^jj, l>ij ^u j ISO ^ < uLlHI jLp^jli! i_i]jjLtl 

3jl ^ m« L^5tlc /<u_j Cj\ JLLaltl ^Jl-A oLcalll O m> liL-^ t 3 LculX I 2_ 3jjj>JI 2_ 3j3jJLl 4-La cujVI ^-;J-^>- ^Utl 

aU^j ol^Ij^o dJLJi jlju aIj j .ISO 9000 ^_<_uLl1!I Sjj>JI SjI jJ aLI^j *_^ L^jJl! 3jjj>JI «jl jJ a Halt iSjlL^ 
.^_<_uLl1!I a! Hrtl oLJLl^lo (j^ic- -^L^>JL) dLloIU ^IjlSI o-^ jl^sLIlU iljjuo oljls cA^- ^jj^M ^jl-ii 



^ w 







(Control Charts) ,*fcuit^iy-5-7 

Jj Jj-t^jJI (J\ (^Jj-J (J I J Jl-)V dJLSj (jLa cCjL?tIlll «Jj->r 2_ J^JM (jP-SI j^-^LulJI 4-^l^j J d^aj LaJLi^. 
Jl^jj j 4_ji 4 j^jJljJ) Cj LqJLcai, I £)_4 ^j ^n t j .J^jI Will ^j_a c-jpJL Juv ^Jl L^jL^_u c_jjL^I(J j 3 Jli^. oLstllc 
£_ e_3^LL>* J I j .3j>j^>JI ij>*jj *— a 4-j-t-o LlLc J)" LajJI i^J-i (jj-^aJ Lc->l J I ^'t^^ L^jLLaj ^Lobl W*< * ^LuLka3 

.jj>* I *-t-b j_rt ^J I *_x-bj_4 ^j_A 9rh(iil I 4-JJ-loTw 4j>*j J j^JlI^s 4 4 thJil I (J-oAj ^_ c_S^Ll>» I ( I ) 
.<—3jjJaJI (j-t^Aj I|_ l^A-jlt^aJ *u CjLJL ^jojl^j^ (^U 3£.L-b VI 3 Jufu c_^}ta>*L^=3 c cij^l J 4jtiaj9 (j^_) c^^Ll^l (^-O 
I|_ * Lt^aj (jPil tiJJj ^c eJillio t-Lu-^JI 2_ * Lt^aj ^jl]\ CjL?tI<ltl_£ t * ut^TtW c2xj9j c_3^1l>*l ^j^tJ-^ <— sM^l>*VI (z) 
Oj *£—* l-<-\-ujl1 * k£tl jjju>^ lLI^L^ILj_uI (JLlli ^J-u-t-u ( jr J-C L-^ls CjIj^JlLc 3 Jul] 4_j?l_uj dJUj j < ^J-^l ^*-^ 

.a|ju^L_uVI 

<LqJL3sILlu.U 3j^>*VI j CjI JulXI j CjWI (^yJt 4-j-cu-Uj J_al^£. ^-^J' (J! <— »L*^ill 2_ Cjl_3^Ll>*VI J-^J^ J 
^j_a j ♦ j ' t^ajJu ^J-^ cp-^' 4-JL$jl]| Ij^lj^I j c J-^jlJu i_La_jj>Jj 4-!LuJI c 4_aJl5cIL<_uJLi 4_rtL>JI 4jt-ula c /^LljVI ^_ 
.Lgjj^ S^Ljj ij t 4_ul_lL!Lj (^JjJ ciJLSj jV Cjl_3}Ll>*VI oJufc *uS J^tiSTt] 6 LUX I 5J^Aj! J^s UJ^-*^ U^ p+JJ^tl 
ij^jj (^^-i^- lj—ij_A ^jj_^3uJ CjL?lIuJLI ^j_a CjLL^. (j^ 1 <— ^M^>*^M (^Jla jL^ioV Cj-lJL-uI 3 Jlc a| Jl5cIL_uI ^uj dJJ jJ 

oLcj-U-U (j^aju » ^jLuji J_jIL^I(J1 ^-jj^La ^j_c dJUj ^ILj j .4— Lljla 3 i— Jala 1 ($**■"'" (jP-Jl CjLskTlIU (J\j c_S^IIo^ ji 
J^=3luI< ^_ (J^yJ J-& 1 c^3 3jijj>iJl 5j^jJ (jric ^-^JLSeJu 1^JLL>iJ ^J^L^ ^>3 v j^-— ' C j (^l!' J ??-^' ^ *>!> 4_^J^Lll 

jjl ^p3p_flJLl C_JJ_^JJ1 JUV) ^-^J-^ J-jU-C-1 1 Qjfa ^J ^_^3LJ>iJ 4-k2J^>iJ LLa-COJ^ JlILo ^ H t J J ^— » Mil) 1 J-A J .(Z"/) 
^_a 13.09 JLJU ( Jr -1-C ^JJ_^3J CL_JJ>0 CjjLalj 7C-C— <-UJ J ^jl—jlo*! ^UV.J^jO ^j_a ^_a 13.21 JUU (j^iC 1-LC.t-U I (JJ)^"^J 

J^—> M<tl ^j_a 7r tlajj j .4 mA c_jj^!(JI ^ya J Jul] j~<-^>* J-c-C ^j JlS j i^j^i^-' ^5t^3 ^_d 13.2/j c c?- 1 ^' ^ L5t ^ 3 
^j u ^n t j I Jl-A j c T'j-a-Lal I CjjL^jJI ^j_a (3t!-^ ' (JL^- 1 4r J (3? 4 *^>»J u,ill J>jJl>JI (J^l-i J-^ c_jj_^!l!I f-^^ U' 
CjjI ajJI ^LLaj ?7jL>^ 4-jlSij c-jj 2jjI *_Aiaij^c ^j_a 3j^u_^=3 4-j-cuJ Cu_jL^3 j CjJlj^ iJl j .4 t<?1jw<a 3jij_j^ 4-j^jJ 
CjjJuv 2_ 4-U-l(jllI I 4t^—> miU JuJl>iJ icj^_u (j^^ ^^-L^J ^^3L5tlJI 4-LaJjJw 4 H m<I^J dJJj jL^iol ^jL^ 4 7-j.fl.mX I 
.3 Jjj>JI (^-cojao ^J\ LJLc (^JjJ l$Jl!I L^-Uw 2_ ^ ^ < aJ ^JllJlj J i-tlUJI CjLsIj^>oVI ^>JlA 
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13,09 13.15 13.21 13.27 
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0j_& J .(3-7) (J^~""» MlJLJ 7C_A-bj_4 J_& I q^l I J>JJ>Jl 4j>*jJ (J h^-i t.J 0jl_£o*l ^I(J (^Jul j^JlL^jj ( X ) 4 H r «jIUi 
J^xilU-U ( R ) J-LXj]\ (^JU3 J_U_$J I $J** AUJl p^—> >i J cliJlj^ ^^J^ dJJjl^S . L^JjJ (jUjLjjS <_x_JJj»J C-lLOTW 4-UJtJl 
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